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The important surgical problem of peritonitis has held the attention 
of hosts of clinicians and laboratory investigators for many yeais, and 
the reports of their observations aie abundant The publications of the 
last few years bear witness to the fact that there are today many 
workers in the field of investigation of this disease Nevertheless, we 
make no apology for joining them in an eifort to elucidate this problem 
further, for the disease is the bete noir of the abdominal surgeon and 
yearly takes its heavy toll of life We believe that any presentation of 
accurate observations, if coi related with the observations of others, 
will help m the eventual solution of the problem 

Peritonitis has been studied from many different angles Clinical 
observations of the varied manifestations of the disease were, of course, 
the first to be reported Later, anatomic and physiologic features were 
disclosed With the advent of bactenolog}'', peritonitis offered a wide 
and bewildenng field of research, as indicated by the numerous reports 
of studies made in the last decade of the last century and m the first 
decade of the twentieth Of recent years, the chemical aspects of the 
disease have been intensively studied, and there has been a growing 
knowledge of the profound disturbance of chemical balance that takes 
place during the pi ogress of this disorder, particularly when it is compli- 
cated by intestinal obstruction Of late also, there has been renewed 
interest m the immunologic and serologic factors that play a part in 
the recovery from this grave disease and in the prevention of its 
development 

About five yeais ago, we elected to attack the problem from the 
immunologic and serologic side but we felt that to do so intelligently 
we should first have to leview the older studies in bacteriolog} and 
make certain preliminary bactenologic obseivations of our own to see 
if the more lecent methods of bacterial cultivation, particularly of the 
anaeiobic organisms, would yield results fundamentally different from 
those already leported We spent some time, therefore, developing the 
technic of anaerobic culture and studying the pathogenic anaeiobes 
which have received so much attention from bacteriologists since the 
Woild Wai We have studied particularly the intestinal organisms of 
man and laboratory animals, both aerobic and anaerobic and those 
found m law "catgut,” because of the frequenc\ of perforation of the 
intestine as an antecedent to the de\eIopment of peritonitis 

The earliei studies of the liactenology of peritonitis w ere made with 
an imperfect undei standing of the requiiements foi growth of the 
anaerobic bacteria The simple methods and even some of the elaborate 
methods that nere used were not adequate to bung to light anaerobes 
that were frequently seen on smear, but not cultnated, and it is not 
surpiising that at first emphasis was placed on the more easih growing 
oiganisms The literature on this subject is Aoluminous It would not 
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be profitable to attempt a complete compilation of the published leports, 
but, m order that we may compare our own results with those previousl} 
set forth we shall review briefly those articles which seem to us to be 
1 epresentatn e of the best work that has been done m this field 

LITERATURE 

In 1879, Giawitz lepoited his studies m peiitomtis, pointing out 
that there was a group of primal y infections of the peritoneum and 
anothei gi oup that was secondary to other lesions on the one hand, those 
which seemed to aiise as a disease entity of the peiitoneum itself and, on 
the other, those which developed by contiguity from disease of the intra- 
abdominal organs 

Pa^^dowsky was among the fiist to study peritonitis experimentally, 
and reported his woik m 1887 - He injected croton oil and found that 
It pioduced a hemorrhagic exudate Trypsin produced a high degree 
of inflammation and even 0 25 Gm caused death m experimental ani- 
mals Contents of the small intestine injected into the peritoneum pro- 
duced a fibi inopurulent peritonitis from which he cultivated a small 
bacillus When this was injected in puie culture, death or lecovery 
depended on the dosage If intestinal contents were filtered, the filtrate 
would not kill, 01 if it was steiihzed by heating on eight successive days 
at 55 C . It had no effect Pawlowsky concluded that the intestinal 
bacteria were the prime factors m peiitonitis, and the chemical feiments 
played a secondaiy role 

In 1890, Bonnecken ® made a bactei lologic study of the sac fluids 
111 cases of stiangulated heinias He observed eight human cases and 
a series of experimental cases in dogs in which he produced an 
analogous lesion by passing a loop of intestine through a rubber ring 
and coiering the loop with a lubbei bag This w^as replaced m the 
abdomen and examined after given periods of sti angulation or after 
death If it was examined within from twelve to eighteen hours the 
fluid w^as usually clear, if the strangulation w^as particularly tight or 
the duration longer, the fluid was found to be blood-tinged or dark 
browm, turbid and flocculent The appearance of the wall of the intes- 
tine Aaried from light venous hyperemia to hemorrhagic infiltration oi 
frank necrosis Bonnecken made cultuies, not only of these fluids, 

1 Grawitz P Statitischer und expenmentell-pathologischer Beitrag zur 
Kenntnis der Peritonitis, Charite-'^nn 11 770, 1886 

2 Paw low sH A D Beitrage zur Aetiologie und Entstehungsw eise der 
akuten Peritonitis, Centralbl f Chir 14 881, 1887 

3 Bonnecken H B Ueber Bakterien des Bruchwassers eingeklemmter 
Hernien und deren Beziehung zur pentonalen Sepsis, Virchows Arch f path 
•\nat 120 7 1890 
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but of the contents of the strangulated loops and the wall of the 
intestine as well He found that the oiganisms in the fluid could also 
be found inside the intestine, and concluded that they passed through 
the wall In several of these cases, including one human case in which 
the strangulation had lasted only four hours, the wall of the intestine 
showed only a high degree of venous hyperemia, and yet the fluid con- 
tained numerous bacteria He found B cob in eleven of fifteen cases 
and other bacilli which he briefly described but did not name There 
were also several different kinds of streptococci and staph3dococci No 
anaerobic cultures were made, and it is probable that even in mixed 
cultures he failed to observ’^e any anaerobes He felt that his cases 
clearl}'- showed that there did not need to be v’^ery great changes m the 
wall of the intestine for the intestinal bacteria to pass through 

A yeai later, in 1891, Malvoz ^ reported a stud)'- of peritoneal 
exudates at autopsy, and said that he agreed vv’^ith Laruelle ® that 
peritonitis of intestinal origin should not be attributed to any organism 
except B cob Malv'^oz found it m pure culture m a case of perforated 
gallbladder, in a case of perforated ulcer of the stomach and in a case 
of obstruction of the rectum without perforation It vv'as combined with 
other organisms in a case of mesenteric thrombosis with gangrene and 
in a case of peifoiated typhoid ulcei Mah'oz thought that it could 
not be considered a secondary inv'^ader, because it is so rarely found as a 
contaminant in cases of streptococcus or pneumococcus peritonitis 
Laruelle found B cob in pure culture in two cases of perforated 
appendix When he injected B cob into animals, he found that he 
could pioduce peritonitis, but that the lesion w'as more like that in 
human beings if he injected bile or sterile intestinal fluid along with 
the oiganisms Laruelle, and Mahoz both agreed, how^ev'er, that 
B cob IS often present without perforation, and therefore the intestinal 
fluid IS not necessary for the production of peritonitis The question 
arises do w'e know that intestinal juices do not pass through an inflamed 
w'all as well as bacteria^ 

De Klecki,® recognizing the intestinal origin of the organisms found 
111 peritonitis, vouchsafed the opinion that the intestinal bacteria 
increase in virulence before or as thev enter the tissues of the vv’-all of 
the intestine As time went on various workers added to the list of 

4 I\Ial\07, E Le bacterium coli commune comme agent habituel des pen- 
tonites d origine intestinale A.rch de med exper et d’anat path 3 593, 1891 

5 Laruelle, L Etude bacteriologique sur les peritonitis par perforation, 
Cellule 5 61, 1889 

6 de Klecki, C Recberches sur la pathogenie de la peritonite d origine 
intestinale Etude de la virulence du colibacille Ann de I’lnst Pasteur 9 710, 
1895 
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bacteria found in peritonitis Jalaguier " added Staphylococcus albus, 
Fraenkel ® added streptococcus, and Barbacci/ pneumococcus Each 
one stiessed the importance of the organism observed by him, and 
although B coh was generally found, its significance was questioned 
because of its apparently benign state within the intestine 

The first comprehensive report from the earlier woikers was the 
result of obseivations by Tavel and Lanz,^“ who, in 1893, carefully 
studied seventy-two cases and tried to correlate to some degree their 
clinical and bacteriologic observations Although then methods were 
not adequate to recover many of the anaerobic bacteria, some of their 
observations are of particular inteiest and have been repeatedly con- 
firmed The}'’ divided their cases of peritonitis into five gioups 
(o) cases following lesions of the gastro-intestinal tract, {b) those 
following lesions of the gallbladdei and liver, (r) those following 
lesions of the genito-urinary tiact, {d) those following opeiative 
peritonitis and (e) those of hematogenous origin They considered 
twent) -three cases yielding no bacteiia on culture to be due to chemical 
iriitants Of the other forty-nine that yielded bacterial growth, four- 
teen ga\e a pure culture of a single species The other thirty-five 
weie “polymicrobic” B coh was found m thirty of the forty-nine 
cases, and some form of streptococcus in twenty-eight They dis- 
tinguished three different forms of stieptococci No organisms similar 
to B ac) ogcncs-capsiilatus, which had been reported the pievious yeai 
(1892) by Welch and Nuttall,^^ were described They found the cases 
with a single oiganism to be \eiy diverse in natuie while the poly- 
microbic cases came largely fiom intestinal lesions In the mixed 
infections they found it difficult to say which oiganism was the most 
important When no organisms were present, the prognosis was good, 
and in the cases m which organisms were found, the polymiciobic 
infections gave a better outlook than the monomicrobic, but they could 
not find any correlation between the severity of the clinical symptoms 
and the numbei of species found in any given case They observed 
that lesions of the small intestine weie much moie dangeious than 

7 Jalaguier AI Resultats de rexamen bacteriologique du pus d’une peri- 
tonite generalisee par perforation de 1 appendice ileo-coecal, Bull et mem Soc de 
chir 18 390, 1892 

8 Fraenkel, E Zur Aetiologie der Peritonitis, Munchen med Wchnschr 
37 23, 1890 

9 Barbacci, O Ueber Aetiologie und Pathogenese der Peritonitis durch 
Perforation Centralbl f allg Path u path -knat 4 768, 1893 

10 Taiel, E and Lanr O Ueber die Aetiologie der Peritonitis, !Mitt a d 
Kill! u med Inst d Schweiz 1 1, 1893 

11 Welch, W H, and Xuttall G H A Gas Producing Bacillus (B aero- 
genes capsulatus no\ spec) Capable of Rapid De^elopment m the Blood-Vessels 
\iter Death Bull Johns Hopkins Hosp 3 81 1892 
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lesions of the large intestine and oftered as a piobable explanation that 
if perfoiation takes place m lesions of the small intestine, the contents 
of the intestine are so fluid that they spread around lapidly while the 
more solid contents of the large intestine are more apt to localize, to be 
less widely diffused 

Flexner,^- in 1898, leported a postmortem bactenologic study of 
one hundred and six cases of peritonitis While he admitted the possi- 
bility of eiror because of postmortem invasion, he thought that this 
was inconsiderable Postmortem lepoits have the further disadvantage 
that there is no consideration of those cases m which recoveiy occurred 
So that whereas Tavel and Lanz m stud} mg specimens from the 
operating room found twenty-three tliat yielded no bacteria and that they 
called cases of “chemical peutomtis,” Flexner found very few that 
yielded no growth and thought that “chemical peritonitis” must be an 
extremely lare condition He divided his cases into twelve pi unary and 
ninet}-four secondary cases The pi unary cases were mostly teimmal 
infections in patients with various and sundry chronic disordeis The 
secondar}'- cases he divided into thiity-four exogenous and sixty endoge- 
nous In the exogenous group, he placed operative infections m 
w'ounds as w^ell as tiaumatic genito-urinary lesions and found that the 
Ijactena in these cases coi responded to those usually found in w'ound 
infections, tw^entj-five of them yielding a single species and onl} nine 
more than one species Of the sixty endogenous cases, tw'O yielded no 
bacteiia, tw'ent}-one ga^e a single type of organism and thlrty-se^en 
gave multiple species Of the thiit} -seven multiple, thirty-four yielded 
tw'O species, two had thiee species and one had foui “Anaerobic cul- 
tures w^ere only made m exceptional cases” — he does not state w'h} 
And this is the more surpiismg because Flexnei was associated with 
Welch m his studies wuth B aei ogciics-capsulaius and in 1896 leported 
cases of peiitonitis yielding this organism In Flexner's series 
B ac! ogenes-capstilahis (C zoelchii) w^as found only seven times He 
bi ought out the fact that streptococci are much more common than 
staphylococci m cases of peritonitis of intestinal origin, but concluded 
that of all the organisms found, B cob w^as the organism of greatest 
importance 

The repoits thus briefly summarized represent the earl} obserra- 
tions that constitute the aerobic era of the bactenologic knowd- 
edge of peritonitis In 1896, a new epoch began when Welch and 
Flexnei reported se\en cases of peritonitis }ieldmg B aicogencz- 

12 Flexner, S The Etiologx and Classification of Peritonitis Philadelphia 
H T 2 1019 1898 

13 Welch W H and Flexner S Obceriations Concerninpr the Bacillus 
aerogenes capsulatus, T Exper Med 1 5, 1896 
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capsidaius We are not sure whether these are the same se\en that 
Flexner later reported m his laige group, hut appearing togethei as the} 
do in the earlier report, they constitute the hist series of cases that 
suggested the importance of the anaerobic bacteria in this disease The} 
found the organism in fiA e pei f oratn e lesions of the intestine and in two 
nonperforative lesions Two years latei in 1898, Veillon and Zubei 
came out as the champions of the anaerobic h} pothesis They examined 
the exudate in t\\ent}-two cases of appendicitis The} found anaerobes 
in twenty-one of these cases, twice in pure culture, and from then 
observations drew these conclusions 

Anaerobes are constantly found m the pus of appendicitis, in abscesses around 
the cecum, and m the peritoneal cavit 3 ' m general peritonitis Their 

extreme abundance on smear, (’) their predominance over B colt and other 
aerobes, and their existence m pure culture in certain of these cases, their patho- 
genic properties and chemical properties permit ns to state that tliey play the 
principal role in the production of appendicitis Due to their gangrenous 

properties, some perforate the appendix and some give t 3 pical gangrenous pus It 
IS their toxins which give the symptoms to which patients often succumb 

They desciibed five difileient kinds of anaeiobic bacilli, among them 
B pafungcns (which tvas later identified as B aci ogcnes-capsulaius 
and has since been named C zvclchu) and an anaerobic coccus This 
lepoit obMOLisl} ignored the aeiobic oiganisms in order to emphasize 
the anaerobic and it called attention in a t'ery emphatic manner to their 
piesence eten though it went faithei than the evidence indicated m 
estimating their importance 

In 1902, Fiiedrich^^ leported a study of perfoiatu'e peritonitis m 
which both aerobes and anaerobes were desciibed B coh, streptococci, 
B p) otciis B pyocyancus and staphylococci w^ere found among the 
aeiobes Anaerobes weie isolated from almost ever} peritoneal exudate 
He does not desciibe them furthei than to sa} that the bacilli were 
geneialh of the malignant edema or tetanus types and that there w'^ere 
also anaerobic streptococci Thus Friediich confirmed to some degree 
the work of Vcillon and Zuber and at the same time recognized the 
role played h} the aeiobes although he failed to gne statistics and did 
not clearh indicate his opinion of their lelatne importance 

In 1904 Lanz and Ta\el haMng had the anaerobes called to their 
attention In reports that followed their earlier one’^ published anothei 

14 Vcillon 'ind Zuber Recbcrches sur quelques microbes strictement amero- 
bics et leur role chns la pathologic luimaine \rch cl mecl exper ct d’anat path 
10 517 189S 

15 rricdncli P L Ziir bactcncllcn '\etiologic und zur Bchandlung der 
difi’ii'-cn Pcritomti'' \rch f klin Chir 68 524 1S02 

16 Lanz O .and Ta\el F Bactenolocie de ! appendicite Re\ de cliir 30 
41 and 215 1004 
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senes in which they compared the bacteriologic flora found m the con- 
tents of normal appendixes, diseased appendixes and appendiceal 
abscesses to see whether theie was an}'- correlation between the bacterial 
content and the pathologic state In this report they differentiated 
between St) eptococcus pyogoies and the other intestinal streptococci 
They also subdivided the anaerobes, giving the bacillus of malignant 
edema and the pseudotetanus bacillus the most important places 
numerically They included in the malignant edema group B pofi ingcns 
of Veillon and Zuber and Vihion septique of Pasteur Their group 
of normal appendixes was small, onl}'- eight specimens being studied, 
whereas there were one hundred and thiity-eight diseased appendixes 
In the normal appendixes, B coli was found m 100 per cent, Sf> epto- 
coccus pyogenes m 25 per cent, diplostreptococci in 37 5 per cent, 
malignant edema bacilli in 62 5 per cent and pseudotetanus in 45 4 pei 
cent Over 10 per cent of the diseased appendixes yielded no growth 
This they thought to be due to the emigration of leukocytes and the 
phagoc 3 '^tosis of the bacteria The)’- stated 

The qualitative analysis confirms our ideas One would expect to find more 
pathogens and less saprophytes in the pathologic appendices than in normal It is 
seen that the streptococci and diplococci are increased, while the coli, the malignant 
edema, and the pseudotetanus groups are less, but as there was no w'ay of deter- 
mining the virulence of these organisms for man, w’e cannot draw' any definite 
conclusion 

In spite of these reports of anaerobes as factors m the disease, a 
number of later observers published the results of studies that minimized 
the anaeiobes or ignored them entirely It is quite evident that the) 
eithei made no effort to find them oi that then technic was not adequate 
to recover them Foi example, in 1903, Manahan,^" who studied 
nineteen cases of peritonitis to deteimine the presence of bacteria m the 
fibiin clinging to the wall of the inflamed intestine, made smears of 
the exudate and cultivated it In thiee cases he saw organisms resem- 
bling B ac) ogenci-capsiilatus of Welch m the smear and m the fibiin, 
but the} failed to grow' wuth “Wright’s anaerobic method ’’ Later, m 
1905, w'hen Manahan repoited a bactei lologic study of a series of 
one bundled and ten cases of peritonitis at autopsy, he included only 
one case that \ lelded the Welch bacillus He emphasized the importance 
of the streptococci, for he found them m pure or mixed culture in 
fift}-four of the eight} -nine cases m w'hich a bactei lologic examination 
was made w'hile B cob w'as piescnt in onlv fort\-five 

17 Alanahan T J Bactenolog\ of the rihnnous Exudate m Septic Peri- 
tonitis I M Research 9 445, 1903 The BacttnoIo!r\ o^ General Peritonitis, 
Boston M & S T 152 346 1905 
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necessity for adequately controlling results of this kind with noimal 
persons, is obvious This was not done adequately by Kotzenberg 

In 1911, Heyde published an excellent article based on clinical 
observations and painstaking laboratory studies He reviewed the 
literature up to that time thoughtfully and critically and appears to have 
had a clear understanding of the whole problem He obtained material 
for bacteriologic examination from one bundled and two patients The 
lesions were classified as those of purulent appendicitis^ gangrenous 
appendicitis, peritonitis of appendical origin, abscess and interval or 
chronic appendicitis He examined by smeai and culture the contents 
of the removed appendixes, the peritoneal exudates and m a few cases 
the pus from secondary abscesses He showed the correlation of the 
bacteriologic observations of the difterent fluids m the individual cases 
but made no effort to correlate these observations with the clinical 
course of the disease His clinical groups overlap to a considerable 
degiee, particular!}^ in the gangrenous appendicitis, peritonitis and 
abscess groups It is not clear which of his patients had perforative 
lesions and which did not He stated that most of the lesions were 
peiforative Furthermore, in his tables he did not distinguish between 
the flora of the contents of the appendix and of the peritoneal exudates 
By going through his case reports and selecting the results of his study 
only with regard to the peiitoneal exudates, which seem to us to be 
infinitely more impoi tant than the contents of the appendix, we have been 
able to obtain data that we can compare with our own, particularly with 
legard to the bacteriologic studies Heyde was manifestly in search of the 
anaerobes He used the methods of von Hiblei and others of his owai 
which w'ere chiefly designed to avoid the prolific growing propensities of 
B coll, wdiich w^as so commonly piesent that it gave him all sorts of 
trouble He depended chiefly on dilution tube cultures in solid or semi- 
sohd mediums Even though it w^as by far tbe most frequent organism 
found, He}de considered that B coli played a subordinate role in the 
etiolog} of appendicitis Of considerably more importance, in his 
opinion IS the small gram-negative nonspore-forming anaerobic organism 
B thctoidcs, wdiich is the same as \^eillon’s and Zuber’s B fiagilis He 
could not demonstrate its pathogenicit} He found it difficult to separate 
this bacillus from B coh in the undiluted specimens, but by diluting 
tbem down through a series of agar tubes, which solidified after seeding, 
he was able after incubation to pick out the colonies of this organism 
In the fortA -nine peritoneal exudates that he examined, he found 
B thctoidcs 111 about 45 per cent and B coh m about 60 per cent He 

22 He%de M Bakteriologische und experimentelle Untersuchungen ziir 
•\etiolog)e der Wurmfort<;at7ent7undung (mil besonderer Berucksichtigung der 
aiiaerobcn Bakterien'l Beitr z klin Chir 76 1 1911 
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iound B oei ogeiiei-capsitlatiis (C zvelcJm) in about 15 pei cent, while 
other spore-fonning anaeiolies, which he classified as bacilli of the 
malignant edema and of the pseudotetaniis gioups, were present to a 
lessei degiee Certain nonspore-foimmg, giam-positive rods (B lamosns 
and B imnosoidcs) weie piesent in fiom 15 to 25 per cent, and seieral 
ot these w^ere found m puie culture An organism wdiich he called the 
parapneumococcus was present m almost 25 per cent of his cases, while 
anaeiobic streptococci were found in 20 pei cent of the cases Heyde's 
expeiiments on animals w^eie limited in number, and although he found 
them to be consistent, his results w'ere not sufficient!} striking to repeat 
heie His final conclusions wuth regard to the clinical cases w^ere as 
follows 

1 The anaeiobic organisms, m all stages of appendicitis and the 
peiitonitis arising from it occui m the greatest variety and number 

2 They imade the peritoneum more quickly than the aerobes and 
spiead themselves over the seiosa wuthout being accompanied b} the 
aerobes 

3 There seem to be paiticular kinds of organisms present in particu- 
lar conditions of infection which ha\e a particular etiologic significance 

In going over his results, it does not seem to us that Heyde is 
justified in making these sw'eepmg statements \\"e feel that his interest 
in the anaerobes led him not to give full credit to the aerobes Heyde’s 
lesults differ fiom the ones that we shall report, chiefly m the incidence 
of the small giam-negative anaerobic bacillus, B thctoxdes, which w’^e 
found in only three cases On the other hand, his incidence of B coh 
IS low compared w'lth ours, paiticularly as his cases w^ere largel} 
perforative We found B coh in almost every instance wuth a perforative 
lesion While it is conceivable that this prolific gram-negative anaerobic 
B coh may easily hide the slower giow'ing gram-negatve anaerobe 
B thctoides, it does not seem likely that the anaerobe would be confused 
with B coh, nor does it seem likely that these organisms w’^ould be mis- 
taken foi one another when they were once isolated Therefore, we 
must grant that Heyde’s results are piobably accurate for his senes and 
w^e shall endeavor to evaluate the importance of this organism in our 
further studies 

In 1912, Fishbem lepoited some postmortem bacteiiologic studies 
wdiich largel}^ confirm the previous work b) Manahan and b} Flexner 
and although he refers to Heyde and other students of the anaerobic 
organisms, he states that anaerobic cultures w^ere usualh not made m his 
series 

23 Fishbem M Contribution to tbe Bacteriolog\ of Peritonitis witb Special 
Reference to Primarj Peritonitis, Am J Sc 144 502, 1912 
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Wilkie, in 1912, emphasized the advisabiht} of the suigeon examin- 
ing microscopically in the operating room smeais fiom the peiitoneal 
fluid in cases of diffuse peritonitis in order to have a basis for deciding 
the question of drainage and for making a piognosis in any given case 
His belief was that if the polymorphonucleai leukocytes showed active 
phagocytosis, and particularly if these cells were found ingested by 
macrophages, recovery was assured and drainage was usually unneces- 
sary Wilkie believed that this was more impoitant than cultural studies 
because of the time required to complete them 

In 1915, Carslaw -® carried this idea fuithei and went into fine 
distinctions of cellular differentiation and into the question of cellular 
disintegration Carslaw, m general, confirmed Wilkie m the mattei of 
phagocytosis, but said that he thought phagocytosis of bacteria was more 
important than phagoc 3 dosis of cells He believed that the duiation of 
the disease had to be consideied, for example, the absence of poly- 
morphonuclears early in the course of the disease was not suipiising, 
but if absent late m the course, the prognosis was bad On the othei 
hand, early degeneration of pol 3 '^morphonucleai s was bad and late 
degeneration was to be expected Carslaw did not agiee with Wilkie 
that the smear could give a basis for drainage, because that depended 
lather on the presence oi absence of necrotic tissue 

Of lecent years there have been only two repoits that warrant 
particulai mention One of these by Brutt,-° in 1923, emphasizes the 
anaerobic streptococci It seems likely that he included in this group 
certain micro-aeiophyhc streptococci that weie not leally anaerobes but 
which in the first few artificial transfers behaved as such He con- 
sidered without convincing proof that the anaeiobic streptococci tend to 
pioduce thrombophlebitis, and thus bacterial gangrene and perfoiation 
In 1928, Weinberg and his associates-' repoited the results of 
studies carried out over a period of several 3 ^ears in the field of anaerobic 
bacteiiolog 3 ’' During the wai he was struck b 3 '^ the clinical similarit 3 '^ 
between cases in which the patients died of peritonitis following acute 
appendicitis and those m which they died of gas gangrene He sus- 
pected that this was due to the role pla 3 '^ed b 3 '- the anaeiobes m both of 
these diseases 

24 Wilkie, D P D Prognostic Value of an Immediate Examination of 
Peritoneal Exudates, Internat Clin 4 145, 1912 

25 Carslaw, R B On the Character, Significance and Prognostic Value of 
Peritoneal Exudates, Brit J Surg 3 8, 1915-1916 

26 Brutt, H Die Bedeutung der anaeroben Streptokokken fur die destruktive 
Appendicitis, Beitr z klin Chir 129 175, 1923 

27 Weinberg, AI , Pre\ot, A R , Da\esne, J and Renard, C Recherches 
sur la bacteriologie et la serotherapie des appendicites aigues, Ann de I’lnst Pas- 
teur 42 1167, 1928 
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In referimg briefly to the hteratuie of the bacteuology of appendi- 
citis, Weinberg spoke of the aerobic epoch and the anaerobic epoch 
and suggested that the pendulum has swung too far in guing the 
anaeiobes almost exclusive i esponsibihty in the etiology of appendicitis 
Weinbeig did not mention specifically the work of Heyde, though he 
doubtless knew of it Weinberg's material, though moie voluminous, 
was not as comprehensive as Heyde’s, because the latter examined 
peiitoneal exudates as well as appendical contents, while Weinberg 
did not 

Acute and gangienous appendixes wete sent to Weinberg’s labora- 
toiy in sterile contameis fiom vaiious hospitals in Pans and were 
examined “usually the same day” They weie placed m a Petii dish 
and with fine scissois opened fiom end to end the laid out flat To 
quote from their lepoit “The pathologic exudate fiom the level of the 
lesion was sucked up into a steiile pepette, taking caie to avoid fecal 
material and fecohths so as to eliminate then flora and stud> exclusively 
the bacteuology of the specific lesions of acute appendicitis ” This 
technic is subject to gra\e ciiticism, for it is inconceivable that it would 
be possible to avoid cultivating intestinal organisms that were only 
casually and not causally piesent at the site of the lesion on the intenoi 
of an appendix that had been opened from end to end However, by 
passing this material thiough a senes of dilutions of solidifying culture 
mediums to a point where, after incubation, individual colonies could 
be fished, those organisms which weie present only in small numbeis 
would largely be eliminated, and only those presumably most active 
at the site of the lesion would be recovered One could not be sure, 
however, that the organisms in greatest number were necessarily causa- 
tive or even active in the lesion With these conditions in mind, one 
must discount to some degree the statistics which Weinberg and his 
co-workers present, and yet we believe that his results have considerable 
significance Weinberg studied one hundred and sixty acutely inflamed 
appendixes, fifty-eight of which were gangrenous He does not state 
how many of the gangrenous appendixes had perforated From the 
material removed from these lesions he obtained pure cultures of single 
species in nineteen cases This is surprising and is perhaps indicative 
of the efficacy of his technic In 49 cases he found two species, in 47, 
three, in 23, four, m 16. five, in 4, six, and m 2, seven Altogether 
theie were 264 aerobes and 204 anaerobes Of the aerobes, B coli 
was found in 85 per cent of the cases The enterococcus group was 
found in 30 per cent of cases while other aerobic bacteria occurred 
much more raiely B pcifnugais (C xvelchii^ was found in 33 pei 
cent of cases Anaerobic gram-negative bacilli and anaerobic cocci were 
present in 39 and 19 per cent, lespectively Although the aerobes 
outnumbered the anaerobes in the whole series the anaerobes predomi- 
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nated in the gangrenous cases, and Weinberg concluded that the gan- 
grene was due to then presence He found the B cob strains and the 
C welclin strains to be pathogenic for laboratory animals, but the other 
fiequent organisms, namely, the enterococci, the gram-negative 
anaerobes and the anaeiobic streptococci were for the most part innocu- 
ous when injected in pure culture In association with the others, how- 
ever, his experiments seem to indicate that they either became pathogenic 
or enhanced the power of the associated organisms Although he was 
handicapped by having no measuie of the effect of the enterococcus 
alone and the results are therefore not conclusive, the experiments sug- 
gest that the sjanbiotic action of the oiganisms found in these lesions 
produce an effect which thej cannot produce singly Weinberg expressed 
the belief that the production of gangrene is laigely a symbiotic effect 
of two or more organisms even though he was not able to demon- 
strate this conclusively He did not indicate which of the anaerobes 
piesent beside C zuelchii plaj'- a role m this sjmibiotic action, although 
he implicated the gram-negative bacilli because of their prevalence 

BACTERIOLOGIC METHOD 
MATERIAL AND TECHNIC 

It seemed to us moie rational m studying peiitonitis to examine the 
mateiial actuall} piesent m the peritoneal cavity and presumably left 
behind, to some extent at least, after operation, rather than to examine 
either the contents or the wall of an oigan that had been removed from 
the patient and uas no longer a factor m his illness We, therefore 
centered oui attention almost exclusn ely on the peritoneal exudate The 
whole surgical staff cooperated Avith us in this study Some of the 
patients were our own Most of them, however, were under the care 
of other surgeons in oui clinic, although one of us was frequently present 
at the operation as an obser^ er As soon as the pei itoneum vi as opened 
and it was seen to have an excess of fluid, as much as possible was 
taken up in a sterile syiinge If the fluid was present m relatnely 
small quantities, two sterile cotton swabs were saturated with the fluid 
If the operation occurred during the daj, these specimens were for the 
most part taken directlj to the laboratorj , if the operation had been 
performed at night, the specimens were placed on ice and examined in 
the moining It was thought that the delay of a few hours before 
examination uould make a great difterence in the results of culture but 
such uas not found to be the case There was no appreciable dift'erence 
between the da\ and night cultures The specimens were sent or taken 
to the laboratoi} accompanied b\ a slip stating the duration of the 
s} mptoms the diagnosis the description of the fluid as to turbiditj and 
consistency quantlt^ location and odor the description of the appear- 
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aiice of the pei itoneum and \\ hether or not an} pei foi ation as present 
In the large majority of cases, smears weie made from the fluid before 
inoculation on glass slides foi diiect staining When the specimens 
consisted simply of t\\o satin ated swabs, these were streaked direct!} 
on a pan of 5 pei cent sheep’s blood agai Petri plates and then broken 
oft and a whole swab introduced into each of two cooked meat medium 
tubes containing 0 2 pei cent dextrose and of />h 7 6 one of which had 
been prepared to lecene anaeiobic cultures by prehmmar} boiling to 
diive off the contained air When a large quantity of exudate was 
aiailable. two meat tubes were inoculated wuth from 0 1 to 0 5 cc and a 
laige diop smeared on the suiface of each of tw'^o blood agar plates 
One plate and one tube were then incubated aerobicall} and the others 
anaei obically m a modified IMcIntosh and Fildes jar-® The tubes and 
jilates w’’eie examined next da\ but if there was no growth the incu- 
bation of negatne cultures was continued for four or five da}s or longer 
Occasional!} , growfth w ould appear in the second tw^ent} -four hours 
and not m the first. Iiut m our senes, cultures that were negatne after 
fort} -eight houis lemamed so When giowth appealed on the plates 
colonies w'ere fished and identified in the usual way by moij5hologic and 
cultural studies ^^'hen the tulies show^ed growth they were plated and 
transfeis made to fresh mediums in tubes wdnch were heated to 70, 80 
or 90 C, for fifteen minutes to destio} the nonspore-formers and 
qualitatively select the spore-formeis Colonies growing on the anaerobic 
plates were repeatedly plated both aei obically and anaerobically so as to 
determine their punt} and their anaerobic requirements We classified 
as anaei obes onh those wdnch w'ould grow solely on the anaerobic and 
not on the aeiobic blood agar plate after four or five tiansfers, except in 
the case of C wdnch can iisuall} be identified after one or two 

tiansfeis 

ADIANTAGES OF THE TECHNIC 

We consider the anaerobic jar, with a rejflacement of the oxvgen 
b} hydrogen to be ideal foi anaerobic cultures because with it any 
mediums that can be used aei obically may be used anaerobicalh An 
indicator adequatedly checks the degree of anaerobiosis Blood agar plates 
not only favor those organisms which require some enrichment of 
medium but permit the growth of the hemophilic organisms and signal at 
once the presence of the hemolytic bacteria We aie certain that all of the 
knowm pathogenic spore-forming anaerobes grow w^ell on these blood 
agar plates, and w'e have made countless obsenations of their cultural 
characteristics on this medium The blood agar plates seried not onl} 

28 ilclntosh, J, and Fildes, P A. New Apparatus for the Isolation and 
Cultivation of Anaerobic Alicro-Organisms Lancet 1 768, 1916 



18 


ARCHIVES OF SURGERY 


to permit the growth of anaeiobes but inhibited the exuberant growth 
of certain aeiobes such as the gram-negative bacilli, which frequently 
overgrow other colonies aerobically The 0 2 pei cent dextrose cooked 
meat medium is particularly faAorable foi anaerobic as well as foi 
aerobic organisms The meat not only acts as a buffer, but contains 
peroxidase which permits certain strict anaerobes (e g, C wehlui) to 
grow without sealing the medium or incubating it m the anaerobic jar 
The strictest anaeiobes, however, e g, C novyi (B oedeuiatwns) 
lequire the jai, and theiefoie in oui study we always incubated the 
tubes III the deoxygenated environment The meat medium is just as 
good as biam medium, foi with putrefactive organisms the meat is 
attacked and becomes discolored The direct inoculation of plates gives 
some idea of the lelative numbers of liable organisms in the exudate, 
while on the other hand, the most prolific organisms soon predominate 
111 the fluid cultuies so that the plates made from the broth cultuies 
give no indication of the relative numbeis of oiganisms in the original 
specimen 

The cooked meat medium in every case received a heavier inocu- 
lation than the direct plates, and therefore, organisms were recovered 
fiequently from the meat medium which did not appear on the fiist 
plates The combined aerobic and anaerobic cultivation of each speci- 
men, both on blood agar plates and cooked meat medium, and the latei 
tiansfer from the cooked meat medium to other blood agar plates ga^e 
us seveial chances to recover both the aeiobic and the anaerobic organ- 
isms 111 each case On blood agar plates, the C zvelchn colony is usually 
A'^erjf easy to distinguish because of its outer zone of partial hemolysis 
The results of the study as given below indicate fairly well, therefore, 
the occurrence of this anaerobe B coli is, of course, easily reco\eied 
because of its profuse giowth and the large size of its colony The 
stieptococci, hoAVCA^er, may frequentl)’- be missed, and the groups maj' 
be confused because of the variability of the size and the appearance of 
the colony the propert) of methemoglobin foimation and the anaerobic 
lequirements Some strains aviII grow onh anaerobically on the first 
or second transplants, but aviII then groAv aerobically Some will grow 
on the blood agar plate without changing the blood for a generation 
or two and then will be franklj'^ green Manj of the streptococci were 
irreen fiom the start and a few of these, after a numbei of transplants, 
Iiecame slightly hemolytic 

LIAIITATIONS OF THE TECHNIC 

Although we consider the foregoing technic adequate for the iso- 
lation of most aerobes and all of the veil knovn pathogenic anaerobes, 
e^en those that lequiie the strictest anaeroliiosis we do not claim that 
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e^ei} si^ecies i^iesent in e\eiy peritoneal exudate was recovered There 
nia} Aei) well have been oiganisms that would not grow in an}'' mediums 
that we used, and tliere ma} have been otheis the growth of which was 
inhibited by the piesence of othei species, or which were outgrown by 
them both on the plates and m the fluid mediums By an examination 
of the thickest pait of the giowth on the plate as well as the isolated 
colonies, we weie often able to demonstiate the presence of those slowl} 
glowing oiganisms li they weie morphologicall}'- different fiom the 
oiganism which is oveigi owing them Then it was usually possible to 
isolate them by replating the cultuie But oiganisms present m fewei 
numbeis than the piedommating oiganisms, if they were morphologicallv 
indistinguishable fiom them, may have been lost For example, if a small 
gram-negative iionsjioi e-foiniing anaerobic bacillus should be present in 
the same exudate v ith B coh but m smaller numbers, it might be missed 
If it weie piesent in as great or greatei numbers, the chances aie gieatei 
that it would be picked up on the anaerobic plate w^hich inhibits to a 
consideiable degree the exiibeiant giow'th of B coh It is possible that 
oui results do not adequately indicate the incidence of this group of 
oiganisms wdiich Runebeig, Heyde and Weinbeig found rather fre- 
quent!} On the othei hand, the spoie-forming and the giam-positive 
oiganisms aie not likely to be missed, and it is m this group that all of 
the anaerobic bacilli are found which up to the present are know''n to be 
pathogenic foi man 

NOMENCLATURE 

In this stud} we have aimed to make laige bacterial groupings 
lathei than to go into the minutiae of cultural I'aiiations which seemed 
to us to be without paiticulai value For example, we did not attempt 
to subdiMcle the B coh gioup, although w^e obseived that at least fotii 
of these subgroups weie represented With the streptococci, their 
variability on successive cultivation, as previousl} stated, made oui 
division somewdiat arbitiary, but it seemed worth while first to set apart 
the hemolytic gioup and the anaerobic group and then separate the 
green pioducing streptococci from the other nonhemolytic types All 
small gram-positive lods were grouped together as aerobic diphtheroids 
while the largei gram-positive spore-forming aerobes fell into the 
B subfihs gioup Certain gram-negative aerobes, for example, B 
psoteiis and B pyocyaneus were fairly easy to separate from the 
B coh gioup and w'eie given their usual names 

The taxonomy of the anaerobic bacilli has recently been clarified 
by the peisistent eftoits of a number of workers, and the Society of 
American Bacteriologists has adopted the term Clash idium to denote the 
large group of anaerobic spore-formers We have, therefore used the 
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official teim Clostiidium welcJui to denote the common gas bacillus, 
B aei ogenes-capsulahis of Welch or B peifnngens of Veillon and 
Zuber The other pathogenic gas gangrene organisms, C oedematis- 
mahgui {Vibiion scptiqne), C novyi (B oedematiens) and C oedema- 
toides (B soidelh) were not found in our series, nor was C tetani 
The other oval central or subtermmal spoie-forming anaerobes, which 
^\ere very few in numbers, ha’ve been placed m the C spoi ogenes group, 
while the oval end spore-formeis, have been placed in the C teihus 
gioup The gram-positive, nonspore-forming anaerobes have been 
grouped together as anaerobic diphtheroids, belonging in general to the 
B lainosHS group, while the gram-negative nonspore-forming anaerobes 
belong to the B fi agdts or B tJietoidcs group 

CLINICAL METHOD 

In Older to correlate the bactenologic observations with the clinical 
course without bias, the records were examined and the data obtained 
fiom them at the end of the study and without reference to the bac- 
teriologic results Because of the emergency of operation in many 
instances, data which we would have liked to have were not on the 
clinical record It was found that in some instances the absence of a 
specific S}mptom or sign probably meant that it was not present, foi 
example, chill In other instances it piobably meant that it was not 
elicited , for example, “rebound tenderness ” This must be kept m mind 
when the incidence of these symptoms oi signs are considered The 
S3anptoms that we thought might be of some significance were the 
follownng nausea, vomiting, fever, chill, diarrhea, constipation and 
obstipation In the cases of appendicitis, w'^e were anxious to know^ 
whether or not the development of the disease was typical, by which 
we mean the rather sudden onset of general abdominal or epigastric 
pain localizing aftei a time in the right low’^er quadrant The physical 
signs that w'^e thought might be important were tenderness, rigidity, 
rebound tenderness, distention mass, pelvic signs of tenderness or mass 
and the number of abdominal quadrants that were imolved The only 
laborator} examination considered for all cases w'^as the white blood 
cell count The severit} of the case was judged from a considei ation 
of the general appearance of the patient and the w'^hole aspect of the 
case before opei ation The operatue observations wnth the pathologic 
diagnosis were recorded The amount character, location and odor of 
the fluid as described by the operator w^ere noted The procedure of 
the operator and the after-treatment, w ith particular reference to the 
use of serum, infusions or transfusions w ere listed The development 
of complications or serious sequelae the duration of the stay in the 
hospital the age of the patient and the final outcome w'ere recorded 
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PRESENTATION OF DATA 

The most obvious results of the clinical review of these cases was 
the necessity foi a diagnostic classification This perhaps requnes a 
definition of teims used, in ordei that there may be no misunderstanding 
By pentonitis, \ve mean an inflammatory reaction of the serous lining 
of the abdominal cavity either on the parieties or on the contained 
oigans which lesults in an mciease above the normal of the fiee fluid 
within the cavity and a loss of the noimal smoothness, sheen and 
coloi of the membiane itself, with the deposition of fibrin on the 
suiface This may be a local process with or without an adheience of 
adjacent sui faces to foim a limiting wall The former we ha\e called 
acute local pentonitis, the latter an abscess If the process was not 
localized and the limits oi boundaries were not evident, we have called 
the piocess acute diffuse peritonitis A determination of the focus 
of the infection has been made without difficulty in all but eight cases 
Fne of these were abscesses in the light lower quadrant in which the 
appendix was not seen but was probabl}'- the source of the infection 
One patient had a pelvic abscess which formed after the incidental 
lemoval of an appendix during an‘'operation for another lesion The 
cause of one faiily extensive acute diffuse peritonitis, thought at fiist 
to be of tuberculous origin, was and is still a mystery In one case 
there was a diffuse peritonitis fiom a questionable perforation of the 
sigmoid diverticulum or an appendix epiploica A summary of all the 
cases, according to these diagnoses, is given in table 1 It is seen that 
certain diseases frequently associated with peritonitis are absent from 
our series This is chiefly because the genito-uiinary and gjnecologic 
departments are separate from the mam surgical service This explains 
the absence of cases due to rupture of the bladder, ureter, kidney or 
pelvis and the relatively small numbei of cases with tubal infection 
The relatively common children’s peritonitis of the pneumonococcus 
and hemolytic streptococcus vaiiety is likewise absent, possibly because 
of our rather limited pediatric service, although 12 per cent of our 
patients weie less than 10 years of age The only fulminating strepto- 
coccic case m our series occurred m an adult Postoperative pentonitis 
is lepresented only by the three cases of volvulus JNo doubt otheis 
occuried duimg the course of the study which did not come to oper- 
ation Thus It will be seen that these figures cannot be taken to show 
the proportional causes of peritonitis except so far as it is seen in a 
geneial surgical service Under these circumstances, one is not sur- 
prised to find that about three fourths of the cases were due to acute 
appendicitis 

A summaiy of the clinical featuies and bactenologic obsenations 
of the whole group simpl)^ ^ confused mass of statistics whicli 
have httle meaning It is onl\ when we divide them according to cer- 
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tain pathologic diagnoses that the important features of the stud}- can 
be made plain, and sometimes it is necessary to subdivide still further 
and even to analyze the individual cases to bung out the most significant 
points Although we hesitate to draw geneial conclusions from small 
groups of cases, a perusal of table 1 will give some indication of the 
relationship of certain lesions to the extent of peritoneal involvement, 
for example, the great majority of cases of acute appendicitis m which 
the lesions did not perforate or become gangrenous seem to be associated 
with acute local peritonitis rather than with acute diffuse peritonitis or 


Table 1 — Pathologic Dmgitost'; w One Hiiudicd and Si\ Cases of Pentomtis 


Acute appendicitis with acute local peritonitis 
Acute appendicitis with acute diffuse peritonitis 
Acute appendicitis with abscess 

Perforated appendicitis with acute local peritonitis 
Perforated appendicitis with acute diffuse peritonitis 
Perforated appendicitis with abscess 
Perforated (?) appendicitis with abscess 

Gangrenous appendicitis, no perforation but acute local peritonitis 
Gangrenous appendicitis, no perforation but acute diffuse peritonitis 
Gangrenous appendicitis, no perforation but abscess 

Volvulus of ileum with acute diffuse peritonitis'' 

Strangulated hernia with acute local peritonitis 
Perforated duodenum with acute diffuse peritonitis 
Perforated jejunum with acute diffuse peritonitis 
Perforated ileum with acute diffuse peritonitis 

Volvulus of sigmoid with acute diffuse peritonitis 
Perforated colon with acute local peritonitis 
Perforated colon vith acute diffuse peritonitis 
Perforated (?) colon with acute diffuse peritonitis 

\cute cholecystitis with acute local peritonitis 
Acute cholecystitis v ith acute diffuse peritonitis and pancreatitis 
Perforated cholecystitis with acute diffuse peritonitis 
Perforated cholecystitis with abscess 

Acute mesenteric lymphadenitis pith acute local peritonitis 
Puerperal fever with acute diffuse peritonitis 
Puerperal fever with abscess 
Acute salpingitis with acute local peritonitis 
‘Ideopathic” hemolytic streptococcic acute diffuse peritonitis 
“Ideopathic” unknown cause acute diffuse peritonitis 
“Ideopathic” unknown cause pelvic abscess 


abscess The great majouty of cases of peifoiated appendicitis seem 
to be associated with acute diffuse peritonitis oi abscess in about equal 
pioportions Gangrenous appendixes which have not perforated are 
more hkeh to be associated with an acute local peritonitis than with 
an abscess or an acute diffuse peritonitis Perfoiated lesions of the 
intestine seem to be associated with an acute diffuse peiitonitis rathei 
than with a localized process 

We shall present the results of our study from foui different points 
of view the pathologic diagnosis the extent and nature of peritoneal 
ln^olvement the giowth of organisms the untoward results In the 
tables, an attempt is made to show the correlation between the clinical 
course and the factors being considered Onh the more striking fea- 
tures are significant and too definite conclusions must not be dravn 
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from small groups of cases The points which seem to us significant 
aie indicated by an asteiisk 


CONSIDERATION OF THE DATA FROM THE POINT OF VIEW OF 
THE PATHOLOGIC CONDITION 

LESIONS or THE APPENDIX 

Acute Appendicitis zuith Acute Local PentoniHs — Table 2 sum- 
maiizes the largest single group, namely, acute appendicitis with acute 


Table 2 — Analysis of Acute Appendicitis with Acute Local Pentomtis — Ihutv- 

Onc Cases 



Number 

Per Cent 


Number 

Per Cen( 

Time 



White blood cells 16,000 + 

21 

75* 

12 hours 

7 

23^“ 

W'hite blood cells 16,000 — 

7 

25"" 

24 hours 

13 

48* 

Polymorphonuclears 80% + 

21 

78* 

48 hours 

G 

19* 

Polymorphonuclears 80% — 

6 

22* 

72 hours 

1 

3 

Mild 

21 

68* 

96 hours 

0 

0 

Moderate 

10 

32* 

96+ hours 

2 

6 

Severe 

0 

0* 

jSausea + 

24 

77 

1 to 20 years 

15 

48 

Nausea 0 

7 

23 

21 to 40 years 

10 

32 

Vomiting + 

20 

67 

40+ years 

6 

19 

Vomiting 0 

10 

33 

Fluid 



OhiU + 

2 

14 

Little 

20 

94* 

Chill 0 

12 

86 

Much 

2 

6* 

Fever + 

26 

87 

Clear 

6 

19* 

Fever 0 

4 

13 

Turbid 

25 

81* 

Typical 

24 

77* 

Thick 

0 

0 

At} pical 

7 

23* 

Smear (forms seen) 



Diarrhea + 

2 

8 

9 

11 


Diarrhea 0 

23 

92 

0 

17 

85* 

Constipation + 

7 

28 

1 

U 

15* 

Constipation 0 

18 

72 

2 

0 

0 

Obstipation + 

0 

0 

G 

0 

0 

Obstipation 0 

24 

100 

Bacterial Growth 



Quadrant 1 

21 

68* 

0 species 

24 

77^ 

Quadrant 2 

7 

23* 

1 species 

3 

10* 

Quadrant 3 

1 

G 

2 ‘■pecies 

0 

0* 

Quadrant 4 

2 

0 

3 species 

3 

10* 

Tenderness + 

01 

100 

4 species 

1 

3* 

Tenderness 0 

0 

0 

5 species 

0 

0 

Rigidity + 

18 

62 

6 species 

0 

0 

Rigidity 0 

11 

38 

B coll 

5 

16* 

Rebound tenderness + 

15 

80 

Green streptococcus 

2 

6* 

Rebound tenderness 0 

5 

20 

C weichii 

O 

6* 

Distention + 

0 

0 

Sequelae 0 

22 

71* 

Distention 0 

14 

100 

1 to 3 

9 

20 * 

Mass + 

0 

0 

4 to 7 

0 

0* 

Mass 0 

25 

100 

Days 15 — 

25 

81* 

Pelvic signs + 

19 

63 

Days 10 + 

6 

19* 

Peh le signs 0 

11 

o7 

Recovered 

31 

100* 




Died 

0 

0* 


* As stated in the paper, onl\ the striking features are signifleant, in this and the foliowing 
tables, those points which seem to us of importance are indicated bv an asterisk 


local peritonitis, compiising thirty-one cases It seems to us that the 
significant points in this group are Moie than two thirds of the 
patients came to the hospital vithin the first twent}-four hours and 
almost all of them within tuo dajs About four-fifths had a t}pical 
history, which probabh rendered an eaily diagnosis eas} In two thirds 
of the cases the signs were limited to one quadrant of the abdomen 
Thiee fourths of the cases showed a total wdiite cell count aboie 16 000 
and polymorphonuclears Ok er 80 per cent, wdiich w as the a\ erage count 
for the Avhole series These cases a\eraged 18 000 white blood cells 
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with 85 per cent polymorphonuclears None of the patients seemed to be 
seriously ill, two-thiids were considered to be mild cases, and only 
one-thiid were moderately ill Two thuds of the patients had no 
untoward postoperative symptoms, and the othei thud had relatively 
few and mild ones All of the patients lecoyered, and five sixths of 
them left the hospital within fifteen days With legard to the peritoneal 
fluid, the quantity was relatively small m foui fifths of the cases It 
was tuibid in most, and not thick m any case It was without odor 
m all instances In one third of these cases no smear was made of the 
peritoneal fluid , of the other two-thirds, 85 per cent showed no organ- 
isms and 15 pei cent (thiee cases) showed only a single type Ot 
these thiee, one proved to grow a single organism but the other two 
grew three and foui species, lespectively No giam-positive bacilli 
were seen m the smear, although seven species of these types grew out, 
which indicates that they were piesent in relativelj’’ few numbers m the 
peritoneal fluid The cultures yielded no growth in twenty-four, or 
77 per cent, of the cases Cultures were positive in seven cases, or 
23 pel cent The most common species was nonhemolytic B coh, 
which appeared m five cases, while the green streptococcus, C xvelchn 
and aerobic and anaerobic diphtheioids appeared m two cases each 
Three of the seven cases yielded a single species on culture Two of 
these weie B coh and one an anaerobic diphtheroid In three cases 
three species were found and in one, four In the latter case, only one 
fonii was seen in the smear, so that the others must have been present 
in extremely small numbeis 

Acute Appendicitis with Acute Diffuse Pei itoiiitix — There were only 
four cases in this group, so that any conclusions drawn fiom them may 
be misleading The points wherein they differ from the larger group 
are, however, suggestive All of the patients had nausea, vomiting and 
fever All had signs m more than one quadrant of the abdomen All 
had tenderness and rigidity, while lebound tenderness was noted m 
three but not mentioned in one All had a differential polymorpho- 
nucleai count of o^er 85 pei cent, although the total count fell below 
16 000 in one case All the patients were moie than mildly ill All 
lecoveied, but three had to stay in the hospital more than sixteen days 
Bacterial growth was found in the pentoneal exudate m all but one 
case, but C xvelchn was not found 

Acute Appendicitis with Localized Abscess — There were onl} two 
cases of acute appendicitis without gangrene or perforation m nhich 
a localized abscess had developed These cases differ from those in the 
preceding two groups in that in both the S}mptoms were of more than 
four da} s’ duration Both had signs limited to one quadrant B coh 
was found in both cases and the patients required hospitalization for 
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more than sixteen days The cases are similar to those in the pre- 
ceding group in that m both there weie nausea, vomiting and fe\er 
the patients were more than mildl} sick, and neither group }ielded 
C zvelcJm 

Comment on the Coses of Acute Appendicitis Without Gangicnc oi 
Peifoiation — The ieco\eiy of all of the patients with acute appendicitis 
accompanied with acute local peritonitis is the most striking feature of 
table 2 These patients came to the hospital early before the appendix 
had ruptured or the contained organisms had entered and multiplied 
in the peritoneal cavity One would expect to find that these two facts 
were in some way i elated to one another Localization of signs corre- 
sponded to localization of infection Symptoms and signs uere of 
importance onl}'’ as the}^ pointed to the diagnosis A high vLite cell 
count was usuall}’’ found The general aspect of the patients indicated 
a relatively benign disease The peritoneal reaction was limited m 
extent There was usuall}’^ not much fluid, but it was turbid, indicating 
cellular elements Smears and cultures were generally negatne The 
turbidity of the fluid does not indicate the presence of bacteria, neces- 
saiily Seven of these cases demonstrate that it is possible for bacteria 
to penetrate a grossly intact wall of the appendix B coli apparenth 
IS most likely to do this, C wclchii and green streptococci ma} do it 
Stout ■“ demonstrated that the mucosa is broken m all cases of acute 
appendicitis Organisms presumably in\ade the wall and ma\ mo^e 
about in the circulating fluid or be carried about by phagoc\ tes Leuko- 
c}tes are given off into the peritoneal caMty and may carry with them 
Mable organisms If they are not destro}ed by the phagoc}te, the} 
may in turn multiply within it and destroy it and thus be liberated 
in the peritoneal cavit} C zvelcJiii frequently repels leukociles, and 
It may be less frequent!}' carried by them through the wall of the 
intestine In the four cases of acute appendicitis with acute diffuse 
peritonitis the process had gone a little farther than in the preceding 
group, but there had been no localization Signs were present mdicatne 
of wndei spread of infection but still the organisms were not present 
in \eiy great numbers The sequelae indicated that the bod} had 
more trouble overcoming the infection than it did in the preceding 
group of cases In the cases of abscess, the oiganisms or their products 
had been earned through the wafl or had penetrated to such a degree 
that a strong exudatne reaction had been set up b} the peritoneum 
Theie w^as sufficient time, how'eeer, for this defense to establish itself 
and control the spread of the nfection b} a plastic process The 
organisms w'ere able to gam a foothold and multipl} outside of the 
wall of the appendix Just what part the resistance of the nidnidual 

29 Stout, A P Unpublislied work 



26 


ARCHIVES OF SURGERY 


and the virulence of the organisms had to play in this and how much it 
was due to pure chance of anatomic location, it is difficult to say 

Pei foi aied AppendiA, zvith Acute Local Pentonihs — In contra- 
distinction to the group of cases of acute appendicitis m which there was 
no gangrene and no perfoiation, the peif orated appendixes usually 


Table 3 — Analysts of Pet fot ated Appendix with Acute Diffuse Pentonitis — 
Eleven Cases, Pei foi ated Appendiv with Abscess — Twelve Cases 


Time 
12 hours 
24 hours 
48 hours 
72 hours 
96 hours 
96+ hours 
Nausea + 

Nausea 0 
Vomiting + 

Vomiting 0 
Chill + 

Chill 0 
Fever + 

Fever 0 
Typical 
Atypical 
Diarrhea + 

Diarrhea 0 
Constipation + 
Constipation 0 
Obstipation + 
Obstipation 0 
Quadrant 1 
Quadrant 2 
Quadrant 3 
Quadrant 4 
Tenderness + 
Tenderness 0 
Rigidity + 

Rigidity 0 

Rebound tenderness -r 
Rebound tenderness 0 
Distention + 
Distention 0 
Mass + 

Mass 0 
FeU 1 C -r 
Feh le 0 


Cl 


to 


F tn 


to 

Cl 



4^ 
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44 

fi 5 
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R 
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o 

D 

c-=! 
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o 

O 


c. 


4< 



g 

S 

0 

0 

1 

8 

1 

9 

0 

0 

4 

36* 

1 

8 

2 

18* 

2 

17* 

2 

18* 

3 

25* 

2 

18* 

5 

42* 

9 

90 

11 

92 

1 

10 

1 

8 

9 

82 

11 

92 

2 

18 

1 

8 

3 

50 

2 

33 

3 

50 

4 

66 

11 

100 

12 

100 

0 

0 

0 

0 

8 

73* 

9 

75* 

3 

27* 

3 

25* 

2 

29 

0 

0 

5 

71 

10 

100 

4 

57 

4 

33 

3 

43 

8 

67 

1 

14 

0 

0 

6 

86 

11 

100 

2 

18 

6 

50 

0 

0 

4 

33 

1 

9 

0 

0 

8 

73 

2 

17 

11 

100 

12 

100 

0 

0 

0 

0 

10 

91 

10 

91 

1 

9 

1 

9 

7 

88 

3 

75 

1 

13 

1 

25 

4 

80 

5 

63 

1 

20 

3 

38 

1 

17 

7 

70 

5 

S3 

3 

30 

6 

GO 

3 

30 

4 

40 

7 

70 


White blood cells 
16,000 + 

16,000 — 

Polvmorphonuclears 
80% + 

80% - 
Mild 

Moderate 
Severe 
1 to 20 years 
21 to 40 years 
40+ years 
Fluid 
Little 
Much 
Clear 
Turbid 
Thick 

Smear (forms) 

9 

0 

1 

2 

3 

Bacteria (growth) 

0 species 

1 species 

2 species 

3 species 

4 species 

5 species 

6 species 
B coll 

Green streptococcus 
C welchii 
Sequelae 0 
1 to o 
4 to 7 
Days 15 — 

Days 16+ 

Recovered 

Died 


o 

to 


m 


F to 


o 
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ct 

o 

Sm 
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l4 

gs 

(4 
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S 

3 

30* 

7 

64* 

7 

70* 

4 

36* 

5 

50* 

7 

70* 

5 

50 

3 

30* 

0 

0 

1 

S 

6 

55* 

8 

67* 

5 

45* 

3 

25* 

6 

55 

3 

25 

1 

9 

2 

17 

4 

36 

7 

58 

2 

18 

2 

17 

9 

82* 

10 

83* 

0 

0 

0 

0 

8 

73* 

3 

25 

3 

27 

9 

75* 

0 

0 

1 

9 

0 

0 

1 

0 

0 

0 

0 

7 

64* 

3 

27* 

4 

36* 

7 

64* 

0 

0* 

0 

0 

1 

9* 

0 

0 

2 

18* 

2 

17* 

3 

27* 

4 

33* 

4 

36* 

2 

17* 

1 

9* 

2 

17* 

0 

0* 

2 

17* 

11 

100* 

12 

100* 

6 

55* 

9 

75* 

3 

27* 

7 

58* 

2 

18 

4 

36 

4 

36* 

6 

55* 

5 

46* 

1 

9 

2 

18 

2 

17 

9 

82* 

10 

83* 

8 

73* 

10 

83* 

3 

27* 

2 

17* 


resulted m either a well walled-oft abscess or an extensive diffuse 
process Acute local peritonitis was found in only two cases of this 
series These do not differ strikingly from the other two groups of 
perforated appendixes It has been impossible in most of the cases of 
this group to determine from the history just when the perforation 
took place It may be that in these two instances it had occurred a 
relatn eh short time before operation One point seems to be of signifi- 
cance in these two cases Both patients recovered, although both yielded 
four different species of organisms from the peritoneal exudate, mclud- 
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ing B coll However, one was in the hospital sixty-one days aftei 
operation and had numerous complications The other had no sequelae 
and went home on the twenty-first day The culture from the formei 
yielded C welcJni and the hemolytic streptococcus as well as B colt, 
in the lattei case, these other organisms were absent 

Pei f orated Appendix mth Acute Diffuse Peiitomtis — This group 
contains eleven cases and may he contiasted with the one that follows 
m which perforation was present with abscess Table 3 brings out 
several striking dissimilarities between these two groups, and both of 
them in turn differ in many respects from the first group which is shown 
in table 2 It is seen that the majority of the patients came to the hos- 
pital after forty-eight hours of symptoms, and only one came in the 
first twenty-four hours Still, three fourths of these cases ga\e a 
typical history, and the disease should have been diagnosed almost as 
easily as in the first group Nausea, vomiting, chill, fever, diarrhea, 
constipation and obstipation were all moie prominent features of the 
history Three fourths of the patients gave signs in all four quadrants 
of the abdomen, while tenderness, rigidity, rebound tenderness and 
distention were more frequent On the other hand, the blood counts 
were much lower as a rule, the total count being below 16,000 in 70 per 
cent and the polymorphonuclear percentage below 80 per cent m half 
of the cases None of the cases was mild, and in half of them the 
patients were markedly ill at the time of operation Only two were 
in the hospital for less than fifteen days, and both of them died The 
average period of hospitalization for those who did not die was thirty 
days All but two of the patients had postoperative complications 
Marked infection of the abdominal wall was the most frequent untowaid 
sequel Four of the patients had pneumonia Three of the patients 
died The peritoneal exudate was in great quantity in all but two 
of the cases No odor was present in four of the cases, while m four 
others it was foul and m two fecal No observation with legard to 
this point was made in one case All of the smears fiom the fluid 
showed at least two forms of bacteria, and four of them showed all 
three No cultures were sterile, and seven of the eleven yielded from 
three to four different species In every case nonhemoh tic B colt was 
found, and m four the hemolytic variet)'- as well More than half 
showed the green streptococcus and one fourth C wclchu, while one 
third of the cases yielded an anaerobic streptococcus The three fatal 
cases had these things in common the patients were over 45 jears of 
age , more than five complications occurred, and a thick fluid \\ as present 
with a combination of nonhemol) tic B coli and the green streptococcus 
Only one of the fatal cases yielded C xvclchu 

Pcifoiatcd Appendix xvitli Abscess — The tvehe cases in this group 
are summarized with the preceding group in table 3 The} difter from 
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those in the former group in having a longer history of symptoms, 
two thuds of them having lasted for more than four days Nausea, 
^omltmg and fever were prominent featuies, but diarrhea, constipation 
or obstipation were not As in the preceding group, the history was 
typical in three fourths of the cases The signs were generally limited 
to one or two quadrants As with the cases of diffuse peritonitis, 
most of the patients with abscess were moderately or markedly ill 
The blood counts in geneial were higher, but the “resistance line” of 
Gibson indicated an unfavorable prognosis in two thirds of the cases 
Two of the patients died, both showing a falling “resistance line” In 
those who survived, the complications were mild, while m the diffuse 
cases they were severe The survivors, as in the preceding group, 
stayed in the hospital on an average of about a month The peritoneal 
exudate was present in considerable quantities and was usually thick 
It had a foul odor in three fourths of the cases In ten of eleven, 
more than one morphologic form was seen in the smear and in seven, 
three kinds were present As m the preceding group, giam-positive 
bacilli were never seen in the absence of lioth gi am-negative bacilli and 
gram-positive cocci All yielded nonhemolytic B coli, the green strepto- 
coccus was piesent in three fourths of the cases and C zvelcJm in half 
Again, half of the cases yielded four oi more different species, six 
being found in two cases and five in two The two fatal cases had 
in common much fluid with a foul odor yielding B coli and green 
stieptococci Onh one had C zvelchii Both were 65 years of age 
01 oier 

Localized Abscess in the Right Lozvei Quad) ant zvith Questionable 
Pcifoiatwn of the Appcndhi — There were five cases with large 
abscesses in the right lower quadrant in which the appendix could not 
be seen and no effort was made to remove it They were similar in man} 
uavs to the preceding group, and might have been classified with them 
The exudate in four of these five cases was present in large amount 
and was thick The smears showed two or more forms, and the cul- 
tuies two oi more species Nonhemolytic B coli was present in all of 
these cases, green streptococcus in two and C zuelchii in only one which 
nas not fatal 

Comment on Cases of Peifoiated Appends — ^The majority of the 
patients in these groups came to the hospital late in spite of the fact 
that in three fourths of the cases there was a typical history of pain 
The question is not yet settled as to the cause of perforation of an 
appendix Except for the rare penetration of a foreign bod) , we must 
presuppose a death of tissue and a solution of continuity of tissue fibers 

30 Gibson C L The Value of the Differential Leucoc} te Count in Acute 
Surgical Diseases Ann Surg 43 485, 1906 
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citlici b\ liquefaction oi In luptuie fiom piessuic Clinically, it has 
been tliouglit possible at tunes to tell nhen peifoiation has taken place 
eithei b} a sudden lehcf fioin pain, due supposedl) to the lelease of 
distention of the infl.imcd apjiendix, oi a sudden inciease of pain fioin 
the nutation of a laigc aica of peiitoncal seiosa by a quantity of 
intestinal contents In both of these instances, theic is probably an 
explosive element to the peifouition In most cases, howeeer, it is not 
possible to tell when the peifoiation has taken place, and in these 
instances the clement of foice in the uiptuie is probably minimal In 
eithei case, as the wall bieaks oi paits, the contents, including bacteria, 
disintegiatmg food jiai tides and digestuc ferments, escape The 
amount depends on the si/c of the opening and the foice behind it 
It is of mtciest that in oui gioup of twent\-fi\e cases of known pei- 
foration of tlic appendix, two w'Cie found in an eail}^ stage of acute 
local peiitonitis, and tlic jinticnts iccoicied The eleren patients with 
acute difluse pciitonitis came m late, in spite of the fact that thiee 
fouiths of them had a tipical histon Symptoms and signs were all 
extensile The patients were matkedly ill, the infection had spiead 
extensiveh, as indicated by the huge quantitj of fluid wdiich showed 
bacteiia on smeais and vieldcd positive ciiltuies in eier} case In these 
there tvas no evidence of the bod\ ’s ability to localize the infection The 
blood count suggests a losing battle against o\ei whelming odds It is 
possible that some of these patients wmuld eventually haie overcome the 
infection wnthout operation but it is fan to assume that operation with 
the lemoval of the distiibutmg focus, thus stopping the outpouimg of 
fecal material, stemmed the tide of spiead and gare the body a chance 
to oveicome the infection if it could This it failed to do in one fourth 
of the cases In the twelve cases of abscess w^e must presuppose either 
that there was a wall aheady piepaied before the peiforation or that 
the spiead of infection w^as so slow'^ that time ivas given for the pro- 
tective mechanism to be built up In seieial of these cases, although 
theie was definite abscess foimation, theie was some degree of diftuse 
inflammation around the abscess In a number of cases, when the 
peiitoneal cavity w^as opened, an excess of peritoneal fluid was found, 
and later an abscess was located containing exudate of a different char- 
acter Smeais and cultuies of these free fluids usually levealed either 
no oigamsms or fewer organisms than the abscess fluid, showing that 
the geneial peiitoneum was eithei leactmg to diffusible products of the 
local infection or destroying the organisms that w'ere wandering afield 
or else that certain organisms were able to spread abroad against the 
defense of the peritoneal fluid ivhile others could not It wmuld seem 
to be worthy of note that C wclcliu was found in the peritoneal fluid 
m only twelve of the thirty cases of perforative appendicitis and in 
only two of the six fatal cases This organism is so easily identified 
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that we feel confident that this figure repiesents the actual incidence of 
C zvcichn in oui specimens Oui results seem to indicate eithei that it 
IS not so frequent as is supposed to be in the ileocecal legion, or that 
It could not maintain itself in the peiitoneal cavity Perhaps the lattei 
condition is not surpiising when we know that it glows best on glyco- 
genic tissues In this group of cases it does not seem to have been a 
veiy potent factor m the mortalit}^ and it may be that m association 
with other organisms it cannot produce its potent toxin It is true that 
certain organisms will prevent the formation of toxin when growing 
with C wclchu in vitro It would seem to be fair to assume that if a 
perfoiation of the intestine takes place, a larger mass of oiganisms 
enters the peiitoneal cavity thiough this gross apeiture than would 
ordinal ily come through an intact wall In the cases with perforation 
therefoie, we have to deal uith a lelatnel)^ large initial bacterial dosage 
which cannot be measured, and a certain amount of intestinal juice 
containing moie or less active digestive ferments and also foreign bodies 
in the form of paitially digested oi indigestible food What part the 
lattei substances play in the development of pentomtis it is difficult to 
say, but from what we know of the irritating character of these sub- 
stances, they may be of considerable importance This is a question 
wai ranting further investigation 

Gangrenous Appendicitis Without Peifoiation zmth Acute Local 
Pciitonitis — There were six cases in which the appendix was gan- 
gienous either as a whole or in part without an} gross evidence ot 
peiforation, but was surrounded by a local uncircumscribed aiea ot 
peritonitis (table 4) All but one of these patients came to the hospital 
within forty-eight houis of the onset of symptoms All but one gaie 
a typical histoiy All were either mildly or moderately ill In four, the 
signs were limited to one quadiant The sequelae weie mild, and all the 
patients recovered The peritoneal fluid \vas turbid in all cases but 
ivithout odor The smear showed no organisms m two, but w^as positive 
in three Only one sho\ved no growth, four of the otheis showed two 
or more bacteria The nonhemolytic B coli was present in onl} one-half 
of the cases, the green sti eptococcus was present in only one case 
C zvcichn was not found at all 

Gangi enous Appendicitis Without Peifoiation zvith Acute Diffuse 
Pentomtis — ^There were only two cases in this group The} diftei 
from those in the preceding group in the greater seventy of symptoms 
and the greater extent of the signs but recover} resulted in both with 
onl} mild sequelae There w^as much peritoneal exudate, but it had 
no odor In one fluid no oiganisms were seen on smear, but four difter- 
ent species grew out of both fluids Nonhemohtic B coh was present 
in both cases but the green streptococcus m oiih one and C zecichii 
in neither 
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Gangienons Appendicitis Without Peifoiation zvitJi Locali::cd 
Abscess — Only one case in the series fell into this gioup A definitely 
localized abscess was found in this case The lesion diflrered fiom 
that in the cases in the preceding group chiefly in its localization The 
patient recovered with mild sequelae The smeai showed gram- 
positive COCCI as well as gi am-negative bacilli, but only the lattei 
appeared m the culture' 

Table 4 — Analysis of Gangi cnou<; Appendix Without Pet foi ation zcitli Acute 
Peiiionihs — Six Cases, zvith Acute Diffuse Pentonihs — Tzvo Cases 
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Comment on Gangienoiis Appendix Without Peifoiation — Oui 
observations in these nine cases are surpiising m two respects Fust, 
the great majority of them resulted merely in a local peritonitis, one 
as an abscess and the othei six as simple acute local peritonitis It is 
quite possible that peifoiation would have occurred in all of these cases, 
but operation was performed in the preperforatu e stage befoie organ- 
isms had im aded the peritoneal ca\ it}’^ m very great numbers Secoiidlv, 
although other intestinal oiganisms weie found in culture, C zecIcJiii 
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wab not recoveieci fiom a single case in the group This would lead 
us to believe that, contraiy to the opinion of Weinbeig and otheis, this 
oiganism is usually not particulaily actne in the gangiene of appendi- 
citis, and this is further confirmation of oui observations in the cases 
with peifoiation One may ask, “What about the othei anaerobes?” 
If we include oui cases of perforative appendicitis with our gangrenous 
gioup, as we think we may fairly do, we find, that in oui senes there 
weie thiity-nine definitely gangrenous lesions of the appendix and 
thirty-seven definitely nongangrenous lesions Twenty-eight difterent 
species weie found in the nongangrenous cases and one hundred and 
twent)-foui in the gangrenous cases, but if we study the proportion 
of aerobes to anaeiobes in these two groups, we find that in the non- 
gangrenous cases the aeiobes represented 75 pei cent and the anaerobes 
25 pel cent, while in the gangrenous cases the aerobes comprised 
72 pel cent and the anaerobes 28 per cent We can only say, for oui 
senes at least, that in the gangrenous cases we weie not able to culti- 
^ate anaerobes fiom the peritoneal fluid in any greatei proportion 
1 elatn e to the aerobes than m the nongangi enous cases Whether the\ 
weie moie numerous within the lumen of the appendix as Weinberg 
has stated, we are not able to judge Perforatne lesions weie found 
in almost all of Heyde and Runeberg’s cases, and these showed many 
gram-negative anaeiobes The cause of gangrene of the appendix or 
the intestine has been the subject of much speculation and discussion in 
the literature on peiitonitis In general, two factors have been con- 
sidered, the interference of blood suppl)- and the direct action of bac- 
teria We know that m othei paits of the body the simple cutting 
oft of the blood supply results m local death, as for example, in 
popliteal aneurysm or arteriosclerotic gangrene of the foot In the 
intestine oi appendix it is impossible to have a steiile gangrene, but 
the cutting oft of the blood suppl> by sti angulation or by edema or by 
local thrombosis almost certainlj^ plays a part We do not agree with 
Coinei,®^ who makes the element of time the criterion of whether oi 
not the gangrene of strangulated hernia is due to bacteiial action oi 
due to the cutting oft of the blood supply He believed that gangrene 
developing within twent) -four hours was due primarily to bacterial 
action It is obi lous that there are usually different mechanical factors 
operating to make the cutting oft of blood supply of an appendix differ- 
ent from that of the intestine In the former, the small size of the 
lumen mcieases the element of pressure from within when edema of 
the wall oi impaction of fecaliths takes place In the latter, except 
in the cases of mesenteric thrombosis or an impacted gallstone, the 
pressure on blood lessels is usualh exerted from without Kelly 

31 Corner E M Acute Infectne Gangrenous Processes (Necroses) of the 
-Mimcntarr Tract Erasmus Wilson Lecture, Lancet 1 1410 1904 
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presented as a laiity a case in which theie seemed to be gangiene of the 
mucous membiane of an appendix without edema of the rest of the wall, 
and this he thought to be due to bacterial action lather than to occlusion 
of a blood vessel We know of certain conditions, such as hemol3i;ic 
streptococcus gangiene®- or gangrene of the abdominal wall,®® due 
appal ently to the symbiosis ot intestinal organisms, in which bacteiial 
activity seemed to be the primar}'- factor, but even with these it is not 
clear whether it is the result of the diiect action of bacteiial pioducts 
on the tissues or the secondai}^ lesult of thiombosis of blood vessels 
01 their occlusion by edema Are there bacteiia within the intestine 
that can of themselves oi m combination with othei organisms, aeiobic 
01 anaerobic, so injure mucous membrane that they ma) imade the 
tissues, or must the primary insult be due to a mechanical inuii) 
Heyde and othei s expiessed the belief that while some bacteria mai 
be able to act diiectl)^ others that entei the tissues at a point of injury 
adapt themselves to the body fluids, inciease in viiulence, become 
pathogenic, and then pioceed to act diiectly on the tissue While 
we do not question the possibiht}' of this, jDaiticiilaily when moie than 
one species is piesent, we beheie that m the case of the appendix the 
factoi of the occlusion of the blood \essel is of jnime importance bcfoie 
liquefaction and perforation can take place W'^e ha\e fieqiienth seen 
thrombosed vessels neai local aieas of gangrene oi thrombosis of 
mesenteric vessels when extensive gangrene of the appendix has taken 
place Of paiticulai interest and impoitance is the fact that in man} 
gangrenous appendixes the gangrene extends down to within 1 cm of 
the cecum and then stops, fortunatel} foi the surgeon, leaving enough 
lelatively noimal wall for in%eiting the stump This portion of the 
appendix is not easily occluded, and it may derne its blood supply fiom 
the cecal wall oi from the aiteiy that comes up thiough the wall and 
makes its exit into the mesentery about 1 cm from the cecum This 
would seem to lend v eight to the idea that gangiene of the intestine does 
not usually take place by the action of bacteria Avhcre it is difficult to 
inteifeie with the blood supply of the part 

LESIONS or THE SMM.L IXTESTIX'E 

Ten of the cases fall under this heading The} aie anah/cd in 
table 5 For purposes of comparison, they ma^ be dnicled into two 
gioups, those in wdiich the lesions were perforatne and those m which 

32 AIelene\, F L Hcmohtic Streptococcus Gangrene, Arch Surer 9 317 
(Sept) 1924 

33 Brower G E and Melene^. E L Progressuc Gangrenous Infection ot 
the Skin and Subcutaneous Tissues, Eollowing Operation for \cute Pcrioratnc 
\ppendicitis \ Studs in Ssmbiosis, \nn Surg 84 43^^ 192d 
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the} M eie obsti active The latter group consists of two cases of stiangu- 
lated heinia and two cases of A^ohulus 

Pci fo) ativc Lesions of the Siiiall hiicstiue — Fever was a piominent 
featuie Constipation, obstipation and distention were of no particular 
inipoitance The total blood count was low, and the number of 
poKmoiphonucleais pi oportionalty high On the patient’s admission to 
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the hospital the seieiit} of the condition m the cases with perforation 
seemed to be about the same as in the cases with obstruction, but the 
complications were more severe, and foui of the six cases were fatal In 
three cases, the peritoneal exudate showed nothing in the smear In 
one of these in wdiich a lesion of the upper part of the jejunum had 
become sealed oft, no growth iias found In another the fluid specimen 
came from a patient with a perf mated duodenal ulcer A nonhemolytic 
and also a gieen streptococcus were cultnated The exudate from 
another case of perforated duodenum showed nothing on smear but 
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Melded foui difterent species on culture This case and the other three 
in which the ileum had perforated, with from three to file difteient 
species of bacteria cultivated from the peiitoneal fluid veie tatal The 
othei two patients reco^eled 

Nonpcjfoiatwc Lesions of the Small Intestine — This gioup of foui 
cases includes two cases of strangulated hernia wnth gangrene of the 
intestine that lequired lesection and two cases of postoperatne ^ oh ulus 
These cases differed from those m the preceding group m that fe^er 
was not a piomment S}mptom wdiile constipation obstipation and dis- 
tention w^eie maiked The se\ent} of the cases before operation w^as 
judged to be as great as in the cases wnth perfoiation. and }et onh one 
of the patients died and the others recovered wnthout serious compli- 
cation The fatal case was one m wdiich the e oh ulus was not rehe^ed 
at operation, and w’’e feel that this rathei than the peiitonitis was the 
chief factor m the fatal outcome In the twm cases of strangulated hernia 
the intestine w^as gangrenous wnthout gross perforation From each of 
these, foul species of bacteria were recovered B colt and C ivelchu 
were piesent in both, but the green streptococcus was absent Both 
patients recovered 

Comment on the Lesions of the Small Intestine — The most striking 
teatuie in this group is that m the cases wnth and wnthout peiforation 
the patients' condition seemed to be about equally severe on admission to 
the hospital, but that after opeiation four of the six patients wnth 
perforative lesions died and only one wnth obstruction succumbed In the 
formei gioup, theie w^as distention in onl) one case wdnle m the latter 
group It occuiied in all of them It is obvious that the cause of the clin- 
ical severity in these twm gioups is different In the group wnth perfora- 
tion It IS piobably due piimarily to the bacterial or chemical action wnthin 
the peiitoneal cavlt^ In the latter it is manifestly due to the obstruction 
of the intestine Relief could not be obtained in the former so that the 
thiee patients wnth ileal perforations and the one wnth duodenal perfora- 
tion of long standing died , m the other cases obstruction could be and 
was relieved, except in one case in which the cause of the obstruction w as 
not found and a simple short circuiting opeiation w'as not sufficient The 
patient m this case died on account of the obstruction rather than on 
account of the peritonitis as autops^ showed e\en though hcmohtic 
streptococci and B coli were reco\ered from the peritoneal exudate 
In the gioup of cases with peiforation the onh two patients to reco\cr 
weie those with duodenal and jejunal perforations m whom bacterial 
contamination of the peritoneal caMt\ was minimal \\’hen the jierfora- 
tion was closed there was no further increase of the irritating f.ictor 
The bacteiial cultures in this series were interesting B colt wac found 
in all thiee and C Tcr/f/in in two of the cases of ob'^truction m which 
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the patients suivivcd We may assume that because theie was no 
peifoiation, the bactenal dosage was small and theie was no intestinal 
fluid except that which may have seeped through the wall B coli, 
C zvelchn and the green streptococcus were all present m three of the 
foul fatal cases with perfoiation Because of the perforation we may 
assume that the dosage of bacteria was gieatei than in the group with- 
out perforation, but we cannot overlook the fact that the intestinal 


Table 6 — Analysis of the Lesions of the Laige Intestines, Pei foiatwc — Five 

Cases, Nonfeifoiaiwe — One Ca<;e 



Number 

Per Cent 
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Time 



Poh morphonuclears 



12 houis 

1 

17« 
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2 
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80% ~ 

2 

40* 

4S hours 

1 

17’' 

Mild 

0 

0 
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0 

0’ 

Hoderalf 

o 

J 
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3 
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0 

0 
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07 
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17 
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2 

31 
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83* 

Vomiting + 

4 

07 
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Vomit ng 0 

2 

3 j 
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1 

17 
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1 

S3 
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5 

81* 

Chill 0 

1 

17 

Clear 

0 

0 
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100 
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"i 

S3 

Fever 0 

0 

0 
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1 

17 

Diarrhea + 

2 

o-> 

oo 
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Diarrhea 0 

4 

07 

f 

1 


Constipation 

5 

83 

0 

1 

20 

Constipation 0 

1 

17 

1 

1 

20 

Obstipation + 

1 

10 

2 

2 

40 

Obstipation 0 

O 

O 

oO 

O 

o 

i 

20 

Quadrant 1 

0 

0 

Bactenal grov th 



Quadrant 2 

1 

17* 

0 species 

1 

17 

Quadrant 3 

1 

17* 

1 species 

0 

0 

Quadrant 4 

4 

07* 

2 species 

0 

0 

Tenderness + 

6 

100 

3 species 

1 

17* 

Tenderness 0 

0 

0 

4 species 

2 

So* 

Rigidity -r 

6 

100 

5 species 

2 

o3* 

Rigidity 0 

0 

0 

C species 

0 

0 

Rebound tenderness + 

2 

Oi 

B coll 

") 

s>* 

Rebound tenderness 0 

1 

) > 

Green streptococcus 

n 

o 

10* 

Distention + 

1 
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") 

sv 

Distention 0 

0 

0 
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1 


Hass + 

1 

20 

0 

1 

20 

Hass 0 

4 

SO 

lt0 3 

0 

40 

Pelvic signs + 

j 

50 

4 to 7 

O 

40 

Pelvic signs 0 

> 

50 

Dajs 15— 

1 

17 

White blood eells 10,000 f 

, 

50* 

Days 10+ 

') 

S3* 

H hite blood cells 16 , 000 — 

o 

50* 

Recovered 

"j 

s 




Died 

1 

17 


juices and food particles were also piesent to a variable degiee It is 
difficult to say whethei the fatal outcome in these cases was due to the 
bacterial dosage or to the added effect of the intestinal contents 


LESIONS or THE LARGE INIESTINE 

Petfoiative Lesions of the Laige Intestine — There were five of 
these cases in the series, foui of them with acute diffuse, and one 
with acute local, peiitonitis (table 6) Three of the five patients came 
to the hospital within twenty-foui hours Constipation uas a fre- 
quent symptom, with obstipation m tvo cases Four of the fi\e 
patients had signs in all four quadrants and in all, the abdomen was 
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distended None had mild cases, the majorit} weie severely ill In 
one case there ^\ere no sequelae, m three, the complications ueie 
seiere One patient died soon after operation before there was time 
for complications, the rest recovered There was considerable turbid 
fluid 111 all but one case, m tliiee, the odoi was fecal, but m two the 
fluid was desciibed as having no odor The four smears which vere 
examined showed organisms, and all of the cultures }ielded three or 
moie difteient species Nonhemol}tic B cob and hemohtic C welcJm 
were present m eiery case, while the green streptococcus appealed 
in three 

Nonpci f 01 atwe Lesion of the Lai ge Intestine — ^There uas onl\ one 
case m this series, and it is of interest onty so fai as it differs from the 
cases 111 the group with perfoiation It was a case of lolvulus of the 
sigmoid of moderate sevent}, with three quadrants involved Theie 
was much tuibid fluid without odoi No organisms weie seen m the 
smear, and the cultuie 3nelded no growth The patient lecoiered with 
onh one mild sequel 

Comment on Lesions of the Lai gc Intestine — The cases of perfoia- 
tive lesion of the laige intestine are perhaps surprising in tw'o lespects, 
one being that only one of the five patients died, although all of the 
patients w’^eie quite ill on admission The patient wdio died came to the 
hospital almost moribund and died diiecth after operation Ne^el- 
theless, C zvelchn weie. found in all fi\e patients, and all were ovei 
40 years of age This moitality figuie difteis stiikingly fiom that in 
the gioup of cases of peiforatne lesions of the small intestine Ta^el 
and Lanz made the same obser\ation and offered as an explanation 
the facts that the contents of the small intestine aie more fluid and 
nioie likely to be spiead around after discharge into the peiitoneal cavit} , 
because of both the consistenc) and the gieatei moiement of the intes- 
tines On the other hand, the contents of the large intestine aie more 
solid and the intestine is less freely moAable, so that there is less exten- 
sile spread These seem to be logical explanations, but we should like 
to emphasize two other factors the irritating effect of the digestne 
fluids of the small intestine and the greater Mabilit}- of the bacteria in 
the small intestine The absence of lethal actnit} on the part of C 
soclchii IS consistent with oui foiegoing observations with respect to the 
peiforatne and gangrenous appendixes and the lesions of the small 
intestine 

LUSIOXS or THE G \LEBL \Dr)ER 

Acute Cholecystitis xvitli Pciitoniiis — There were six ca'^es in this 
‘series (table 7 ) In three the gallbladder had perforated, in two, 
there was acute diffuse peritonitis and in the other a well localized 
abscc'is had fonned In two of the three cases without perforation 
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acute local peritonitis occuiied and acute diffuse peiitonitis with acute 
panel eatitis in one Most of the patients came to the hospital eaih 
because of the seventy of then symptoms All had nausea, vomiting 
and fevei without chills In the cases with perforation three oi foui 
quadiants were involved, while in the others the signs weie limited to 
one oi two quadiants Distention was a prominent featuie Only one 


Tabie 7 — Analysn of Acute Cholecystitis — Si\ Cases, Peifoiated — Thiee Cases 
Nonpeifoi ated — Tzoo Cases Ronpeifoiated zuith Acute Panel eatiiis — 

One Case 


O 



> 


1-1 

o 

-11 




•+-( 

c 


1-1 

u 


o 


o 

O 

& 

Q 



1- 


1-1 


c. 

o 

o 

o 

Time 

fh 

Pi 

J? 

fh 

12 hour'i 

0 
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0 

0 
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1 

33 

0 

0 
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1 

S3 

2 

67 
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0 

0 

0 

0 
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1 

33 

0 

0 
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0 

0 

1 

33 

Nausea + 

1 
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j 
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Nausea 0 

0 

0 

0 

0 

Vomiting 4 

3 

100 

3 
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0 

0 

0 

0 

Chill + 

0 
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Chill 0 

3 

100* 

3 

100* 
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o 

100 

3 

100 
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0 

0 

0 

0 

Diarrhea + 
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0 
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0 

0 

2 
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Constipation + 

1 

100 

0 
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Constipation 0 

0 

0 

2 

100 

Obstipation + 
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0 

0 

0 

Obstipation 0 

1 
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2 

100 
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0 

0 

1 

33* 

Quadrant 2 

0 

0 

2 

07* 
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2 

07* 

0 

0 
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1 

33* 

0 

0 
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3 
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o 

100 
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0 

0 

0 

0 
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3 
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o 

J 
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Rigiditj 0 

0 

0 

0 

0 

Rebound tenderness + 

1 
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1 

50 
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0 

0 

1 

oO 
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3 
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0 

0 
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0 

0 

1 

100 
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1 

33 

0 

0 
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2 

07 

J 
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1 

33 
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0 
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2 
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2 
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u* 

D 

u* 
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a 
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W lute blood cells 
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2 

67* 
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16,000 — 

1 

13 
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80% + 

2 

07* 

1 33 

80% - 

1 

33 

2 07 

Mild 
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0 

1 33 

Moderate 

2 

07 

1 . 

Severe 

1 

33 

1 3. 
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0 

0 
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0 

0 

2 07* 
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n 

O 
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1 0.» 

riuid 
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1 

S3 
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2 

67 
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0 
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0 0 

Turb d 

2 

07 

3 100 

Thieh 

1 

33 

0 0 
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9 

2 


0 

0 

1 
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3 100 

1 

0 

0 

0 0 

Bacteria (grovtli) 

0 species 

0 

0 

1 100* 

1 species 

0 

0 

0 0 

2 species 

2 

07* 

0 0 

3 species 

1 

33* 

0 0 

4 species 

0 

0 

0 0 

0 0 

5 species 

0 

0 

6 species 

0 

0 

0 0 

B coll 

o 

100* 

0 0 

Green streptococcus 

2 

67* 

0 0 
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1 

33* 

0 0 

Sequelae 0 

0 

0 

2 07* 

1 to3 

0 

0 

1 33“ 

4 to 7 

3 

100* 

0 0 

Recovered 

0 

0 

3 100* 

Died 

o 

100* 

0 0 


patient was mildly ill The thiee patients without perfoiatue lesions 
ieco\eied \\ithout important sequelae In all of these, the smeai showed 
no organisms, and the cultures }ielded no growth All three of the 
patients \Mth perforatne lesions died with four or fi\e complications 
and all sho\\ed tvo oi moie organisms B coli was present in all three 
cases with the gieen streptococcus in twm and the nonhemolytic stiepto- 
cocciis m one C Ziuhliu was piesent with B call and the green 
sti eptococciis m one case 
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Comment on Lesions of the Gallhladdei — Heie the difteience 
between the peiforatne and nonperforative lesions is striking The 
leakage of bile into the peiitoneal cavity is not \\ithout dangei even if 
it IS steiile, and in laige amounts it maj result in death This has 
lieen demonsti ated in laborator}^ animals b}’’ HorralP'* and otheis 
Small doses of nonpathogemc organisms may prove lethal if small 
quantities of bile aie piesent Likewise, it has been demonstrated that 
sterile bile m the peritoneum ma}' produce a chemical peritonitis of 
such a degiee that bacteiia will pass through the wall of an intact 
intestine m expei imental animals One of these cases seems to illus- 
tiate this fact Cholecystostomy was done, and the bile was reported to 
be sterile Some of it leaked into the abdominal caMt} and caused 
peiitonitis The peiitoneal exudate at the time of the second operation 
Yielded three difterent species of intestinal bacteria 

:misci:ll\neous cases 

In the miscellaneous gioup, the individual cases of paiticular interest 
weie (1) the case ot fulminating hemolytic streptococcic idiopathic 
peritonitis staiting with a soie throat and (2) the cases of late puerperal 
fever The blood culture in the former was sterile, and it is a question 
whether the spread to the peritoneum was via the intestine or via the 
retroperitoneal lymphatics Either of these routes seems moie logical 
than the hematogenous route usually considered for these cases The 
case of low grade pueiperal fever illustrates a point with legard to 
anaerolies The disease had lasted over a month, and the hemohtic 
streptococcus was piesumably of low grade virulence When fiist 
recovered fiom the peiitoneal fluid, it would not grow aerobicall} on the 
blood agar plates It was only after several transplants m meat 
medium that it would grow aerobically This evidently illustrates a 
law that streptococci which have grown for some time m enviionment 
without air come to prefer an anaerobic enMronment This is seen 
frequentl} m abscesses of the brain or lungs and is probabh tiue of 
many of the intestinal streptococci and possibly of other organisms as 
well 

A COXSIDERATION OF THE DATA FROM THE FOIXT OE VIEW OF THE 
NATURE AND EXTENT OE THE PERITONEAL INVOLVEMENT 
ACUTE LOCAL PERITONITIS 

Theie are fortyseAen cases m this group, 83 per cent of w^hich w^ere 
due to appendicitis The cases are summarized wuth the other groups 

34 Horrall, O H Experimental Bile Peritonitis Its Treatment in the Dog, 
Arch Int Med 43 114 (Jan ) 1929 
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in table 8 AVe wish to call paiticulai attention to the following facts 
Moie than thiee fourths of the patients came to the hospital within 
fort}- -eight hours, and of the appendicitis group, two thuds came in 
within twenty-four hours Over thiee fourths of the patients with 
appendicitis gave a typical histoi}'^ of that disoider, which is taken to 
he a generalized abdominal or epigastric pain graduall} localizing m 
the right lovei quadiant Signs were usually piesent in only one 
quadiant The blood count langed high None of the patients with 
appendicitis and only one of the otheis appealed seriously ill, and compli- 
cations weie mild Two thirds of the patients had no sequelae All 
of them lecoveied Almost two thirds of this group went home within 
fifteen days The peiitoneal exudate was geneially not profuse It 
was usually tuibid hut without odor In one thud of the cases no 
smeai of the fluid was made, of the otheis almost thiee fourths showed 
no organisms In two thirds of the cases the peritoneal fluid yielded 
no giowth in culture, but in one third oiganisms weie present, six of 
them containing four different species and one containing five In the 
seventeen cases of this series showing organisms, nonhemolytic B coli 
was the commonest species found, being piesent in thirteen, C zuelcJni 
was next Avith seven cases, and the gieen stieptococcus Avas piesent 
111 fiA'^e 

ACUTE DIFFUSE PERITONITIS 

This gioup contains thirty-six cases and differs stiikingly fiom the 
piecedmg and succeeding gioups in man} lespects (table 8) The 
patients did not come to the hospital so eaily, although the symptoms 
of nausea, vomiting, chills and feA^er wext more seA''eie Tavo thuds 
of the patients Avith appendicitis in this gioup gaA’^e a typical histor} 
of pain This does not correspond exactly to the patients Avho came 
to the hospital eaily In sharp contradistinction to the other groups, 
OAei thiee fifths of these patients had abdominal signs in all four 
quadiants The total A\hite blood count Avas frequently Ioav in this 
group, but the polymoiphonucleai count Avas high None of these 
cases was consideied mild Three fifths of them AA'^ere considered 
moderately seAere and tAVO fifths were markedly seA'^ere All but one 
fourth of the patients had postopeiatiA'^e complications, some as many as 
seA en A third of the patients died, and practically all of the others had 
a long stay in the hospital In a great majority of the cases theie Avas 
a laige quantity of peritoneal exudate, either tuibid or thick, although 
in tAAm thirds of the cases it AA'^as AAnthout odor Smears of the peritoneal 
fluid AA^eie made in thirty-one cases No organisms Aveie seen in 29 per 
cent Avhile one or more forms Avere Ausible in 71 per cent In Aac of 
these cases the fluids } lelded no groAA'th, but in the others it a lelded 
one or moie species In one case there AA^ere no less than six different 
species Nonhemol}tic B coh aars present m tAventA-nine or 94 per 
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cent, of the thirt}-one fluids 3 ie}ding growth The gieen stieptococcus 
was second with 58 per cent, both of these being more common m the 
cases of appendicitis than m the other cases C wclchn nas thud with 
39 per cent, but was much more common in the othei cases than m the 
appendicitis gioup A nonhemolytic streptococcus was also piesent m 
more than one fourth of these cases 


Table 8 — Analysis 4ccoidtug to Extent of Pcntoncal invokement — One Hundicd 
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PERITOXEAL ABSCESS 

This group, which is composed of twent) -three cases, has se^eral 
striking featuies of its own (table 8) The first is the duiation of 
S 5 TOptoms before hospitalization, more than one half of the cases appear- 
ing after four days Chill was present in more than one third of the 
cases in which this s}mptom was noted The percentage of cases with 
a typical history was almost exactly the same as in the cases of diffuse 
peritonitis As with the first group, the large majont} of cases had 
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signs limited to one oi two quadrants One fourth of the cases in this 
group weie consideied to be mil-d, one eighth se\ere, while three fifths 
fell into the intermediate group Half of the patients had no sequelae, 
but some of the lest had as man}'^ as four different complications, and 
four of them died All who survived weie in the hospital a long time 
The peiitoneal fluid M^as generally piesent m considerable quantity and 
was thick In over 80 per cent, it had a foul or fecal odoi In three 
cases a smear was not made, of the othei twenty, two showed no 
oiganisms, but m all of the others, 90 per cent, moie than one foim was 
seen in the smear Eveiy one of these fluids yielded bacterial giowth 
and onl} two contained a single species, both of these being from cases 
of appendicitis The others all showed multiple species, two of them 
as many as six diffeient kinds As with the othei two groups, the non- 
hemolytic B colt takes fiist place, being present m every case but one 
The gieen sti eptococcus was present in two thirds of the cases and the 
hemohtic C welchtt in almost 40 pei cent 

Coiumcnl on the Data ftom the Standpoint of the Extent of 
Peiitoneal Involvement — There seems to be a definite relationship 
between the duiation of symptoms before admission and the extent and 
nature of the iDeiitoneal involvement The fact that there w^as a higher 
percentage of typical histones may haie been a factor m bringing the 
patients m the group with acute local peiitonitis to the hospital earliei 
than the othei s, but eailiei arrival did not coi respond with the typical 
histoiy, and m order that we may have an adequate answer to the ques- 
tion of wh}'^ patients do not come to the hospital earhei we must go 
deepei into human reactions to the idea of hospitalization, the reactions 
of both the family physician and the patient The earhei age incidence 
in the first group ma}^ explain to a ceitam degiee the early admission 
to the hospital, oi it may indicate the leason foi a greatei degree of 
lesistance against the infection on the part of the patient The quad- 
rant signs and the severity of the symptoms the sequelae and the 
moitalit} all correspond to the extent of the inflammation and aie to 
be expected On the other hand, the turbidity of the j^eritoneal fluid 
the numbei of organisms seen m the smear and the number of species 
ieco\ered aie greater m the cases of abscess than m the cases of acute 
diffuse peritonitis, and the three common oiganisms, B colt, green 
streptococcus and C zuelchit, increase m frequency as one passes from 
the acute local to the acute diffuse and then to the abscess group The 
relation of the incidence to the mortality m these three gioups is shonn 
graphical!} m chart 1 Here of course other factors offset the factoi 
of bacteual numbei s nameh, the limitation of the area of absorption, 
the limitation of the effectne range of actnity of the bacteria and the 
minimal interfeience to the function of the intestine, all of nhich 
rendei the cases of abscess more benign 
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CONSIDERATION OF THE DATA FROM TFIE POINT OF ^OE^V OF THE 
ORGANISMS SEEN IN OR CULTIVATED FROM THE 
PERITONEAL EXLDATE 

STAINED SMEARS OF THE PERITONEAL EXUDATE 

Smeais weie made m eight) -tin ee of the cases m this senes, but 
weie omitted m twent)-thiee examinations usuall) when the specimens 
weie small m quantity and taken on cotton swabs No attempt was 
made to classif) the organisms seen on the slide other than to group 



Chart 1 — Incidence and mortality of B coli, green streptococci and C welchii 
in the three main peritonitis groups ALP indicates acute local peritonitis , 
ADP, acute diffuse peritonitis, ABS, abscess The shaded area indicates the 
percentage of patients who surrived, the solid area, the percentage who died 

them into cocci oi bacilli and to note whether or not they retained 
the gentian violet of the Gram stain, because it is absolutely impossible 
to classify moie accurately organisms which are present in exudate 
the pleomorphic and the degenerated forms, making a single species 
appear like se^elal and the identical appearance of dififerent species 
making many species appear as one We cannot be sure therefore m 
man) cases whethei or not we cultivated all of the organisms that we 
saw, but this rough difteientiation in the comparison of smear and 
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cultuie seems to have been profitable In correlating the sineais with 
the final cultures, it is found that they fall into four groups, which 
will be analyzed to determine, if possible, whether they bear any relation- 
ship to the symptoms and signs presented oi have any piognostic 
significance (table 9 ) 

Cases SIwzvmg No Oigamsms on Sincaj and Yielding No Gi ozufh — 
Twenty-five cases fell into this group, seventeen of which were due to 
appendicitis Oier 80 per cent of the patients came to the hospital 
within fort3r-eight houis and 60 per cent within twenty-four Eighty 


Table 9 —Analysts of Ceitam Impoifant Data zvitli a Conelatwn of Smeats with 
Giowth of Bacteiia fiom the Pei itoneal Fluid 
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pel cent of the cases of appendicitis had a typical history Gastiic and 
intestinal symptoms were minimal On ph3'^sical examination, over half 
of the cases had signs limited to one quadrant, and in 84 per cent they 
were limited to one or two The total white cell count was iisuall3^ high, 
with potyniorphonuclears relative^ low, indicating a good resistance 
against a mild infection Over one half of the patients were considered 
to be onl3'^ mildl3'^ ill on admission to the hospital, and all but one of the 
rest were onl3'^ moderately ill All of these patients recovered , 72 per 
cent had no sequelae and the lest only a few The great majority left 
the hospital within fifteen da3'^s In three fourths of the cases the fluid 
was small in quantit3'^ In one fourth it iias described as being clear 
in the rest turbid and in none thick In all of the cases recorded 
(twent30 there vas no odor 
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Cases Shozving Pot ins on Smeai , Some of Which Did Not Giozv 
Out — This IS a small gioup of seven cases, and the figuies are there- 
fore less lehable than in the othei gioiips Six of the cases were due 
to appendicitis, and m five an abscess had formed Foui of the smeai s 
showed gram-positive cocci with giam-negative bacilli, and the cocci 
failed to grow One showed cocci with both gram-positive and gram- 
negative bacilli, and the cocci failed to grow Two showed gram- 
positive bacilli, togethei with gram-negative bacilli and gram-positive 
COCCI The gram-positive bacilli failed to grow These patients were 
all late arrivals at the hospital Three of five had chills In every 
case the signs weie limited to a single abdominal quadrant In foui 
of five cases distention was recorded In six of the seven, a mass was 
felt None of the patients was judged to be severely ill on admission 
One was mildly, and the rest moderatel)^ sick All of the patients 
recovered, and only one had serious complications Five had no 
sequelae, although all of them were in the hospital for more than 
fifteen daj'^s The peritoneal fluid in all of these cases was present m 
considerable quantity, in all but one it was thick, and m four of five 
it was odoriferous 

Cases m Which the Peiitoneal Fluid Yielded Giowth of Oiganisms 
Which Did Not Appeal on Smeai — This group consists of twenty-four 
cases, fourteen of which were due to acute appendicitis In this group 
the ai rival at the hospital was fairly evenly distributed over the time 
periods, a little over half coming m within forty-eight hours Seventy- 
one per cent of the cases of appendicitis had a typical history On 
physical examination, only a little over one fourth of the cases had 
signs limited to a single quadiant, and in three eighths of them foui 
quadrants weie involved Tenderness was constant, rigidity was more 
frequent than in the preceding group, and the rebound sign was present 
in about four fifths of the cases when this symptom was lecorded 
Distention was present m 60 per cent Total blood counts were low 
in half of the cases, but the polymorphonuclear percentage relatively 
high, indicating, perhaps, an increased severity of the infection Only 
one sixth of the patients weie mildly ill on admission and more than 
one fifth were considered to be seriously ill Twenty-one per cent of 
the patients died, only a sixth weie without sequelae, and over one 
fourth had serious and numerous complications All who recovered 
were m the hospital more than fifteen days The peritoneal fluid was 
in considerable quantity in two thirds of the cases, turbid in a little 
over half and thick m the remaindei, but no odor was noted m three 
fourths of the cases 

Cases Showing All of the Foiins in the Smeai Which Latci 
Appeared in Ciiltui e — There were twenty-sev^en in this group, twenty- 
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t^^o ot ^\hlch weie clue to appendicitis Sixty-thiee per cent of the 
patients came to the hospital after fort3^-eight hours Nausea and 
vomiting were frequent, and fever was imaiiably present In a third 
of the cases recoided there was a histoiy of chill Only 59 per cent of 
the cases of appendicitis had a typical histoiy On physical exami- 
nation moie than half of these patients showed signs in all foui 
quadiaiits Blood counts tended to be low, and the pol3anorphonuclear 
percentage coriesponded Forty-one per cent of the patients weie 
judged to be seriousl3 ill on admission to the hospital, and as mam 
moie ueie moderatel3 ill Only fi\e of the cases were mild Twent3- 
six per cent died, although the complications were somewhat less fre- 
quent than in the pieceding gioup The peritoneal fluid was in general 
moie piofuse, thickei and much more often odoriferous than in the 
pieceding group 

Comment on the Con elation of Smcois of Pentoncal Fluid zvitli 
Giozvtii of Bacteiia — The fiist gioup, in which both smear and growth 
are negatne eMdentl3 repiesents a condition m which the infecting 
agents although sufficient^" actne m the wall of the organ to call 
foith a peiitoneal reaction and exudation, had not entered the peritoneal 
ca^ it3 in great numbers oi multiplied sufficientty to be seen in the smeai 
The peritoneum was in control of the situation The symptoms were 
mild, the sequelae weie few, and when the distributing focus was 
lemo^ed all of the patients promptty recovered The second group 
IS small and the figures are therefore unreliable, but a general principle 
IS bi ought out which we believe to be of value Organisms appeared 
on smeai which failed to giow out Failuie to grou indicated eithei 
that the\ were dead oi cquld not inultiph" in our culture mediums 
It the3 weie dead, the\ weie either killed b3" the action of the peritoneum 
or its fluid 01 died m transit to the laboratorj" We know that several 
of the specimens in this group uere planted immediatel3", and we 
believe that the organisms were probabl3'' destr03 ed in the peritoneal 
fluid which vould suggest a resistance on the part of the bodv to this 
particular element of the infection The bactericidal action of these 
fluids might be subject to experimental demonstration Rtineberg 
found that it had bacteiicidal action to a certain degree In the third 
gioup organisms grew out which did not appear in the smear These 
were viable organisms present in small numbers which w"ere capable of 
multiphing and potentialh able to take part but as jet not activeh 
taking part m the production of sjinptoms In the last group all of 
the oiganism forms seen in the smear were viable and reco\erable 
Presumabh thej were actne had already gained a foothold had been 
multiphing and had alreadj produced sjmiptoms Some at least weie 
hkeh to continue to produce sjmptoms after the removal of the dis- 
tributing focus We behe^e that if smear and culture are correlated 
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in CAeiN case, the study will be a fair basis for piognosis If the case 
tails into the fiist two gioups the piognosis will be good, it into the 
thud, piognosis must be guaided and depend on special featuies of the 
mdnidual case with serious consequences expected in a ceitain pro- 
portion of the cases, if into the fourth gioup still more trouble is to 
be expected 

CULTURES FROM THE PERITONEAL EXUDATE 

Oul senes of cases maj be conveniently divided into thiee groups 
tiom the point of Mew of bacterial growth those yielding no giowth, 
those }ielding from one to three species and those yielding from foui to 
SIX species The results are summaiized m table 10 

Cases Yielding No Gioxvth — This group comprises thirty-five cases 
thiee fouiths of which were due to appendicitis and the rest to othei 
lesions (table 10) Thiity of these cases weie classed as acute local 
peiitonitis and fi^e as acute diffuse peritonitis Theie were no cases 
of peiitoneal abscess which failed to yield bacteiial giowth We wish 
to emphasize paiticulaily the following points Eighty-thiee per cent 
of the total numbei and 92 per cent of the patients with appendicitis 
came to the hospital within forty-eight hours Eighty-one per cent 
of the cases of appendicitis gave a typical histoiy of pain On physical 
examination signs were generally limited to two quadrants, in ovei 
one half ot the cases the signs were present m only one quadrant 
Tenderness was constant, but the rebound sign and rigidity was found m 
not more than three fourths of the cases Distention was minimal , 
no masses weie felt, but pelvic tenderness was present m over one halt 
of the cases The blood count was fairly high in thiee fourths, and 
the peicentage of polymorphonuclears coi responded The general 
impression of the severity of these cases on admission placed 60 per cent 
in the moderate class Only one patient was considered to be se\erel\ 
ill Eveiy patient survived, sequelae were absent or minimal Over 
thiee fouiths of the patients left the hospital within fifteen days The 
fluid was geneially small m quantity, clear or turbid, but never thick 
in no case m which this item was recorded was there an} odor 

Cases Yielding Fiom One to Thiee Species of Bacteiia — This 
group includes foity cases of which, as in the fiist gioup three fourths 
were due to appendicitis (table 10) On the othei hand, only ten of 
these were classed as acute local peiitonitis while sixteen uere called 
acute diffuse peritonitis, and fouiteen were localized peritoneal abscesses 
Only a little o\ei half of these patients came to the hospital uithin 
foit} -eight hours of the onset of the illness Fe^er was almost 
ln^allably piesent and chill w^as a fairh common S}mptom being 
present in half of the cases of appendicitis in which it was mentioned 
wdiile nausea and -vomiting w^eie considerabh more frequent than in 
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the fiist gioup In only two thuds of the cases of appendicitis in this 
gioiip was there a tjpical histoiy of that disorder In the majority of the 
cases the signs weie piesent in more than one quadiant Tendeiness 
was m^a^ably piesent, and iigidity and rebound tendeiness in from 
85 to 87 per cent of the cases About one half of the patients showed 
distention The blood counts were generally a little lower in this group 
than m the pieceding Only one fifth of the cases were considered mild 
and almost one fourth weie seveie Twenty-two pei cent of the cases 
weie fatal Complications occuiied in two thuds of the cases The 
peiitoneal fluid was piesent in considerable quantity in almost two 
thirds of these cases, and m one third it was thick In two fifths of the 
cases in which odoi was noted, the fluid had a foul oi fecal odor Only 
eleven of these cases yielded a single species of bacteria, fourteen 
showed two species and fifteen three Nonhemolytic B coh was found 
III 80 per cent and the hemolj'^tic vaiiety m 25 per cent The green 
stieptococcus w'as lecoveied in 35 per cent, the nonhemolytic strepto- 
coccus in 23 per cent C welcJui was present m only 15 per cent 
Anaeiobic streptococci, hemolj'tic diphtheroid bacilli, B suhtiUs, Staphy- 
lococcus albus and ceitain nonpathogenic spore-foiming anaeiobes w^ere 
present m scatteied cases 

Cases Yielding Fiom Fow to Sii Species — Theie weie thiity-one 
cases in this gioup, tw^o thirds of which w^eie due to appendicitis 
(table 10) Seven of these cases were classed as acute local peiitonitis, 
fifteen as acute difiuse and nine as abscess Almost two thirds of these 
patients came to the hospital aftei forty-eight houis Nausea, vomiting 
and fevei were piesent in o\ei 90 pei cent of the cases, but chill was 
not fiequent More of these cases gave a typical history than those 
m the two pieceding groups Less than one third had signs limited 
to one quadiant Distention occiured in 68 pei cent Blood counts 
w^eie geneiall} lows with a relatively high polymorphonuclear peicentage 
Only foul of these cases were consideied mild on admission, and almost 
a thud weie seveie Twenty-two percent of the patients died, exactly 
the same percentage as in the pieceding gioup, but the complications 
weie moie frequent, and the stay of the patients in the hospital was 
longei than in the cases in the second group The peritoneal fluid was 
moie frequently pi of use and thicker than in the preceding class, and in 
two thirds of the cases it was lecoided as malodorous Four species 
weie cultivated from the peritoneal fluid from nineteen of these cases, 
five species from nine and six from three Nonhemolytic B coh w^as 
piesent in all but one of these cases (a high intestinal perforation) 
The hemoljtic \ariety was found m 32 per cent The green strepto- 
coccus occurred in 68 pei cent and C ivelchu in the same number, 
wdiile other bacteiia occuried in considerabh fewei numbers A graph 
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showing the numeiical incidence of bacterial species in the cases of 
appendicitis is given in chait 2 

Discussion of the Data fiom the Standpoint of Bacieiia Giozun fioni 
the P ei itoncal E.\ iidate — It is evident that in the great inajoiity of cases 
yielding no giowth, the disease is limited to the region of the focus of 
infection The peritoneum is in control of the situation, and the organ- 
isms, if piesent, are not viable With viable oiganisms present it is not 
unexpected to find either a diffuse process oi a moie extensive local 
process As one would expect, the duration of symptoms in the group 
of cases yielding no growth was short, while it was distributed widely 
in other groups The symptoms of nausea, vomiting, constipation and 
obstipation, the physical signs of quadiant imolvement and distention 



Chart 2 — Curves showing the number of different species of bacteria in the 
peritoneal exudates of seventy-six cases of appendicitis acute local peritonitis, 
thirty-nine cases , acute diffuse peritonitis, seventeen cases , abscess, twenty cases 
The circles indicate the cases of acute local peritonitis , the sguares, acute diffuse 
peritonitis , the triangles, abscess 


the white blood cell count the estimate of seventy the sequelae and 
the duiation of stay in hospital all show progressive changes cone- 
spending to the number of species present m the peritoneal fluid In 
ceitam other lespects, namel}^ in the matter of chill, fetei, rigidity 
lebound tenderness, mass, pelvic signs and peicentage of polymorpho- 
nuclears, one finds that in our series, the group with from one to thiee 
species gnes evidence of being more powerfully affected than the group 
vith from four to six and when it finally comes to the peicentage of 
fatal cases the figures are practicall} the same This is all the more 
interesting when ve consider that the low mortalitr of the group vith 
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one species bungs clown the average of the gioup with fiom one to 
thiee species Although this summar)'^ seems to show a definite causatne 
lelationship between the presence of oiganisms and the severit) of the 
infection, it is of interest that in oiii series of cases the leaction of the 
patients to the presence of fiom foui to six species is not much gi eater 
than then leaction to the presence of from one to three species This 
cannot be explained on the basis of abscess formation, because as a 
matter of fact in oui series there was a greater piopoition of abscesses 
in the second gioup It seems to us that theie are at least two possible 
explanations be) one! thiee species the organisms are indifteient, with- 
out effect and simpl}' sapioph)tic m the exudate, oi with lespect to 
certain symptoms so indicated they are actuall) antagonistic to the effects 
of the other oiganisms with which they are living The) may be 
antagonistic to ceitain activities of the other species and protagonistic 
to otheis It IS well known that within the intestinal canal various 
organisms have adjuvant and others inhibiting effects on the actnities 
of then fellow species 

In turning to that poition of the table which lists the species found, 
one IS stiuck by the prominence of three species, namel) , nonhemohdic 
B coll, green sti eptococcus and C zvelchii In the group with fiom 
one to three species, the nonhemolytic streptococcus is also fiequent, 
but wdien it is remeinbeied that this group meiges wuth the gieen, its 
identity is not sufficiently distinct to lay much stress on it This is 
less frequent in the group with from four to six species while the gieen 
streptococcus inci eases almost twofold and the C wclcliu increases over 
touifold One may be surpiised that this fourfold mciease of C loelcJm 
does not increase the seventy and moitahty of this gioup, but this is 
quite consistent wuth the observations with regaid to this oiganism in 
previous suinmaiies made earlier m this paper and adds to the endence 
e\er)wvhere consistent that this oiganism is not as seiious a factoi in 
peiitonitis as it has been consideied to be 

GROUPING or CASES ACCORDING TO CERTAIN SPECIES POL ND IN 
THE PERITONEAL EXUDATE 

It IS evident fiom the pieceding summaries that the most tie- 
quent oiganisms found m oui series w'^ere (1) nonheinoh tic B cob, 

(2) gieen streptococcus and (3) C zvelcJiu Otheis of secondan 
importance w'eie (1) hemol}tic B cob (wdiich was neiei found without 
the nonhemolytic tjpe being present also), (2) nonheinoh tic strepto- 
coccus (wdiich, as w^e have aheadv stated, meiges into the green group) 

(3) anaeiobic sti eptococcus (w’hich in turn merges into the non- 
. hemolytic group), (4) nonheinoh tic C zuclchn (which was neiei found 

wuthout the hemoljtic t\pe being present also) and (5) diphtheroid 
bacilli, both aerobic and anaerobic (small giam-positne nonspoic- 
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foimers) Theie is a sufficient number of cases in which the first three 
organisms were found to wan ant giouping, but it must be emphasized 
that because of the frequency of concurrence, these gioups overlap, 
and certain cases aie common to two or all three groups The com- 
paiison may be seen in table 11 

Cases Yielding Nonhemolytic B coli — Of the sevent}-one cases in 
the senes in whith bacteria were found in the peritoneal exudates, sixty- 
two, or 87 per cent, yielded nonhemolytic B coh, forty-six of these cases 

Table 11 — Analysis of Impoitant Data fiom Cases Yielding B Coh oi Gieen 
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weie due to acute appendicitis (table 11) A little over half of the 
patients came to the hospital aftei forty-eight hours Nausea, vomiting 
and fever weie present in over 90 per cent Chill was a rather fre- 
quent s} mptom, being present in one fourth of the cases in which 
it was noted Sixt} -three per cent of the cases of appendicitis gaAe 
a tipical histor) of that disease In sixty per cent, the signs were 
limited to one oi tn o quadrants All of the patients had tenderness , 
four fifths, rigidit} , three fourths rebound tenderness, and five eighths, 
distention It is chiefl} in this feature of distention that this group 
differs from the group without bacteria Blood counts vere elevated^ 
above 16,000 m onh 55 per cent A\hile two thirds had a polymorpho- 
nuclear percentage of o^er 80 About one sixth of these cases -were 
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considered mild, and a little ovei one fourth ^\ere scACie About one 
fifth of the patients died, and almost all of those who recovered sta} ed 
in the hospital moie than sixteen days In two thirds of the cases there 
was a considerable amount of fluid, which was simply turbid m a little 
o^er one-half, but thick in the rest In one half of the specimens, 
no odor -was noted, but the rest were either foul or frankl} fecal 

Cases Yielding Gicen Stieptococci — -Thirty-five or almost one half 
of the cases m our series that showed growth 3 lelded green streptococci 
(table 11) In this group also a majorit}’- of the patients came to the 
hospital late The percentage of histones of t 3 pical appendicitis was 
identical wnth that of the group }ielding B coli There w^ere fewer 
cases in the group in wduch a single quadrant was invoked and more 
m wdnch four qnadiants w'cre invoked than in the series 3 ielding B cob 
Otherwnse the physical signs w'ere ^el 3 much the same The total w^hite 
cell counts w'ere about the same, but the polymorphonuclear percentage 
was a trifle low^er The seveiit} of the cases of this gioup is ^er} 
similar to that of the preceding gioup, and although the complications 
w’^ere not so numerous there w'^as a definitel} higher mortality particular!} 
m the cases of appendicitis The quantity of fluid w as usually greater 
and it w’’as generall} thicker, especiall} m the cases of appendicitis 
although the odor was not strikingly different 

Cases Yielding C 'laelclm — Twent\-se^en cases }ielded C zvelchu, 
38 per cent of the se\ent}-one specimens of peiitoneal fluid (table 11) 
The patients came to the hospital a little later than those in the preceding 
twm groups The percentage of histones of t}pical appendicitis w’’as 
definitel}^ lower, w'hich ma} have accounted for the delay m reaching 
the hospital The extent of the abdominal signs tended to be a trifle 
greater, but this is not striking Less than one half of the cases had a 
definite!}" raised total white blood count, but the pol} morphonuclears 
weie abo^e 80 per cent m two thirds of the cases One striking difter- 
ence between this group and the twm preceding is that on admission a 
much larger percentage of patients w"ere considered seriously ill, 
although the mortality in this group w"as not higher than in the strepto- 
coccic group, and those wdio surM\ed w"ere not in the hospital an\ 
longer than those in the other groups The quantit} and consistencv 
of the fluid were not markedly different but the odor was defimtek 
noticed as being more offensive 

Discussion of Data f 10111 the Standpoint of the Thicc Cominon 
Bacteiial Species — Table 11, wduch lists the important features of three 
groups containing B cob, green streptococcus and C soclcliii, is shown 
to demonstrate the uncertainty of drawing conclusions from groups of 
cases m which there are too many common factors Fifteen cases 
yielded both nonhemoktic B cob and the green streptococcus without 
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G ‘-Mekhu ten cases yielded B coh and C zvelcJm without the green 
stieptococcus, only one case yielded green streptococcus and C zuelcJm 
without B coh, but sixteen cases yielded all thiee The onl} suggestive 
points aie the inci eased severity of symptoms, the increased numbei of 
sequelae and the increased odoi to the peritoneal fluid in the cases yield- 
ing C zcclchu, but theie is no increase m moitahty Similarly, incon- 
clusive lesults are obtained when groups of cases aie studied b} 
compaimg all of the cases yielding one of these organisms with all of the 
cases not }ieldmg the given organism Theie are too many concurrent 
oiganisms to get an idea of the effect of one The most that can be said is 
that there seems to be some evidence that the piesence of each of these 
oiganisms adds to the severity of the course of the disease This seems 
to be somewhat more definite with lespect to C zvelcJin than with the 
otheis It must be remembeied, however, that when one of these 
oiganisms was absent, another oi both of the others weie piesent, thus 
inci easing the importance of the opposing group Perhaps the most 
logical conclusion that can be cliawn from the data just presented is 
that each of these organisms plays a role but none of them is outstand- 
ing The importance of any of these species in our series seems to 
depend moie on its pievalence than on its outstanding virulence 

A COMPARISOX OF CASES FROM THE POINT OF VIEW OF SYMBIOSIS 

It IS ^ ery difficult to evaluate the effect of any one organism, because 
when oiganisms aie present, the gieat majorit}' of cases have moie than 
one species Only eleA'^en cases yielded a single oigamsm, eight of 
these ueie nonhemolytic B coh, two Avere hemolytic streptococci and 
one an anaeiobic diphtheroid A hemolytic as well as a nonhemolytic 
B coh Avas cultnated in one othei case If this is grouped AVith the 
eight Aielding puie cultures of nonhemolytic B coh, a small series of 
nine cases may be coiweniently studied and compared with a series of 
tAA’^entA -SIX cases m which both B coh and some streptococci were present 
m symbiosis and these in tuin Avith another series of tAA'^ent) -tAVO cases 
in Avhich B coh, some stieptococci and C zvelcJm Avere present 

Cases Yielding Pine Cultures of B coh — Of the nine cases in this 
gioup eight Avere due to appendicitis and the other to volvulus None 
of the patients came to the hospital w'^ithm tAA'^ehe houis and a little 
OACr half came after forty-eight houis Nausea and Aomiting Avere 
present m all but in one case there was no fcAer Chills Avere rather 
common being piesfent in half of the cases in aaIucIi the SAinptom Avas 
noted Thiee fourths of the cases of appendicitis gn^e a typical history 
Intestinal SAinptoms Aiere minimal constipation the most frequent 
appealing in three of eight cases noted On pliASical examination the 
signs AAeie limited to one quadrant m scAen of the nine cases Tender- 



MELENEY ET AL— PERITONITIS 


55 


ness was imanabl} piesent, but iigidity was considerabh less fiequent 
and rebound tenderness observed m onl}’^ two cases Distention nas not 
a prominent feature The white cell count was elevated in thiee fourths 
of the cases, with a coi i esponding increase in polymorphonucleai s Tno 
thuds of the cases weie placed in the moderate group with regard to 
severit}, while two cases w'^ere consideied mild and onl}" one seAcre All 
of these patients recoACied, wuth i datively mild sequelae and complica- 
tions, although they were all in the hospital more than fifteen da}s 
A small majoiity show-ed a considerable quantity of peiitoneal fluid 
Avhich was moie often simply turbid than thick The fluid w’^as without 
odor m three and foul in three In three it w^as not noted 

Cases Yielding B coh and a Sti eptococci zoifhout C zvelchu — ^This 
group comprises tw'ent}-six cases, tw'^ent 3 -twm of which weie due to 
appendicitis, thiee w^ere classified as acute local peritonitis, fourteen 
as acute diffuse peiitonitis and nine as peiitoneal abscess (table 12) 
These patients as a gioup came to the hospital a tiifle earlier than those 
in the pieceding group, although few'^er (two thirds) gai’^e a typical 
historj The physical signs were much moie maiked than in the group 
3 ielding B coh alone Only a third had signs limited to one quadrant 
and in 50 per cent three or four quadrants w^eie involved Tenderness 
iigidity and rebound tendeiness were almost constant Distention w'as 
present in three fourths of the cases Blood counts, both total and dif- 
feiential, w^ere a little lower The patients w'^ere considered to be a 
little more seiiously ill as a group on admission Almost one third of 
these patients died and almost tw'o thirds of them had serious complica- 
tions All but one patient among the suivnors stayed m the hospital 
moie than fifteen days The peritoneal fluid w^as m general more profuse 
and thicker, and m four of the cases there w^as a frank^^ fecal odoi 
This gioup of cases is Aery similar to the one that folloAAS except for 
the fact that it contains four more cases of acute diffuse peritonitis 
On this account one avouM expect this group to show more pronounced 
SAinptoms It must be lemembered that in this group of cases besides 
B coh and streptococci there AA^ere other organisms that ma 3 liaAe 
pla3’-ed a role, but the same is true of the gioup that folloAAS, so that 
the effect of this common factor ma 3 be discounted 

Cases Yielding B coh, Sfi eptococci and C zoelchn — This group 
compiises tAvent3"-tAA"0 cases thirteen of AAdiich AAcre due to appendicitis 
Three AA'ere classified as acute local peritonitis ten as acute diffuse peri- 
tonitis and nine as peritoneal abscess (table 12) A^lmost three fourth'? 
of the patients came to the hospital after fort 3 -eight hours Onh a 
little OAer half of the cases of appendicitis gaAe a t3p!cal histor\ 
Nausea, Aomiting and fcAer AA'ere almost imanabh present liut chilD 
Aveie laie On ph 3 sical examination oAer half the patients AAcre found 
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to have signs in four quadrants, although iigidity and lebouiid tender- 
ness weie less frequent than in the preceding group Distention was 
a prominent feature Total white cell counts were frequently low, 
although polymorphonuclear percentages were generally high The 
patients were judged to be nioie severely ill than in either of the pieced- 
ing groups Almost half of them weie placed in the seveiely ill class 
About the same peicentage of patients died, but those who died and 
those who suivived had nioie serious complications, and all of those 
who survived staj^ed in the hospital ovei fifteen days The peiitoneal 

Table 12 — Analysts of Ccttaxn Intpoi taut Data m Nme Cases with B colt 
Alone, ill Tzveufv-S'i'i Cases with B Colt and Sft eptococcus zuitJiout C 
zvelchn and vi Tzventy-Tzvo Cases Yielding All Thiee Species 
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exudate was in geneial moie pi of use, and in a much laigei peicentage 
it was thick, while in 80 per cent it was eithei foul oi frankly fecal 

Comment on the Data ftoin the Standpoint of Symbiosis — Table 
12 bungs out some striking features The first point is that all of the 
patients in the fiist group lecovered fiom the single microbic infection 
but the mortality jumped to 31 pei cent when the streptococcus and 
other organisms were present, with the exception of C zvelchn 
In another group the mortality remained about the same when all three 
organisms were present On the other hand, in all other categoiies an 
addition of C zvelchn led to an increase of sjmptoms, signs and sequelae 
and the peritoneal exudate was greater in quantity, shoved more 
evidence of cellular activity and the odor became more offensive There 
seems to be definite eMdence from this study that the poh microbic 
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infection is more seveie than the nionomicrobic , also that C zvalcJm 
ma} add to the severity of the illness, but there is no eiidence of its 
prepondeient or e\en impoitant role in mortality 

THE UNTOWARD RESULTS 

We believe that much mfoimation can be gamed in a study of this 
kind by a review of the untoward lesults either as a group or as indi- 
vidual cases 

Fatal Cases — Theie were sixteen fatal cases This gioup difteis 
from the group in which recovery occuired in certain significant points 
brought out in table 13 The pathologic classification is of particulai 
Intel est Six of the seventy-six patients with appendicitis, or 8 per 
cent, died No patients with appendicitis without perforation, whether 
acutel}'^ inflamed or gangrenous, succumbed Death was limited to thiee 
of the eleven patients with perforated appendixes with acute diftuse 
peritonitis, two of the twelve in whom an abscess developed and one 
of the five patients with abscess whose appendix was not seen but was 
thought to have perforated The mortality among all the other groups 
was higher, being 38 per cent in the cases of intestinal lesions, including 
the three cases of peiforated ileum but only one of the five cases of 
perforated colon The mortality m the cases m which the gallbladder had 
perfoiated was still higher, 50 pei cent In two of the fatal cases, the 
gallbladder had perfoiated spontaneously and m the third there had 
been leakage of bile eithei during or aftei operation In the miscel- 
laneous group one of eight patients died of a fulminating hemohtic 
streptococcic acute diftuse peritonitis 

Relation of Death to the E\tent of the Piocess — If the fatal cases 
aie giouped according to the extent of the process, it is seen that no 
patient with acute local peritonitis died , twelve, or 33 per cent, with 
acute diftuse peritonitis died and four, oi 17 per cent, with abscess 
died The time of admission into the hospital was no index of prognosis 
except so fai as it was a determinant of the extent of the lesion 

Relation of Death to the Age of the Patient — Of the thirt} -three 
patients less than 20 jears of age, none died, and only three of thirh- 
three m the next tvo decades succumbed Among patients of more 
adianced years, howeier, the mortalit} rate rose rapidl} Theie seems 
to be definite evidence that age was an important factor 

Relation of Death to the Syniftonis and Signs on Admission — Fever 
vas the only constant symptom in the fatal cases, while it was absent in 
ten of the nineti in wdiich recover}’- occurred The extent of the 
abdominal signs was not significant per se as an index Each of the 
four fatal cases w’lth abscess falls into a difterent group according to 



Tabli: 13 Analysts of the Sixteen Fatal Cases Covipai ed xvith the Ninctv vt 

Which Recoveiy Resulted 


Totals 

Age 


Died, 16 


Aumber Per Cent 


Recovered, 90 

^ , 

Number Per Cent 


0 to 20 j ears 

0 

0 

34 

100* 

21 to 40 3 ears 

O 

9 

30 

81 

41 to 60 years 

8 

26 

23 

74 

61 to SO 3 ears 

5 

36* 

4 

44* 

Diagnosis 





Acute appendicitis 

0 

0 

37 

100* 

Perforated appendicitis, acute diffuse peritonitis 

3 

37 

8 

63* 

Perforated appendicitis, abscess 

2 

17 

10 

S3* 

Perforated appendicitis (?), abscess 

1 

20 

4 

80 

Gangrenous appendicitis 

0 

0 

9 

100 

Volvulus, acute diffuse peritonitis 

1 

50 

1 

50 

Perforated duodenum, acute diftuse peritonitis 

1 

50 

1 

50 

Perforated ileum, acute diffuse peritonitis 

3 

100* 

0 

0 

Perforated colon, acute diffuse peritonitis 

1 

33 

2 

67 

Perforated gallbladder, acute diffuse peritonitis 

3 

100* 

0 

0 

Hemolytic streptococcus, acute diffuse peritonitis 

1 

100* 

0 

C 

Total acute local peritonitis 

0 

0* 

47 

100* 

Total acute diffuse peritonitis 

12 

^3 

24 

67* 

Total abscess 

4 

17* 

19 

83* 

llild 

0 

0 

32 

100 

Moderate 

7 

13 

48 

87 

Severe 

9 

47 

10 

53 

White blood cells 16,000 + 

7 

13 

50 

88 

White blood cells 16,000 — 

S 

21 

30 

79 

Polymorphonuclears 80% + 

9 

15 

53 

83 

Polimorphonuclears 80% — 

0 

18 

27 

82 

Sequelae 0 

0 

0 

46 

100 

lto3 

6 

17 

36 

83 

4 to 7 

10 

62 

6 

38 

Pneumonia 

10 

67 

5 

33 

Distention 

10 

38 

16 

62 

Vomiting 

8 

50 

8 

50 

Shod. 

0 

86 

1 

14 

Ileus 

0 

86 

1 

14 

Retention of urine 

6 

46 

7 

54 

Disruption of wound 

1 

50 

1 

30 

Infection of wound 

3 

11 

24 

89 

Pluid 





Little 

Much 

3 

13 

6 

24* 

48 

42 

94* 

70 

Clear 

0 

0 

9 

100* 

Turbid 

10 

15* 

58 

S3* 

Thiet 

0 

17* 

29 

83* 

Odor 

V 

3 


27 


None 

6 

12* 

44 

8S* 

Poul 

O 

28* 

10 

72* 

Fecal 

4 

31* 

9 

69* 

Smear (forms seen) 

9 • 

4 


19 



3 

9 

31 

91 

u 

1 

1 

S 

11 

92 

j. 

0 

4 

20 

16 

80 

3 

4 

24 

13 

70 
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the number of quadrants involved In the cases of acute diftuse 
peritonitis in which signs weie found in one quadrant, two patients died 
and two recovered , in those with signs in two quadi ants, one died and - 
four lecoveied, in three quadrants, seven died and fifteen lecoveied 
The seventy of the cases was judged from the symptoms and signs on 
admission Of the fatal cases, none was considered mild on the patient’s 
admission, seven weie m the model ately severe group, while nine were 
considered to be very serious On the othei hand, of those cases m 
which the patients survived, thirty-two were mild, forty-eight were 
model ate and ten severe Thus 13 per cent in the moderate group and 
47 pel cent m the seveie group weie fatal The blood counts aie of 
interest, as m the other analyses Of the thirty-eight cases with a total 
count below 15,000, eight, oi 20 pei cent, were fatal, while onl} seven of 
fifty-seven, oi 12 per cent, with a count above 16,000 weie fatal Simi- 
larly, but without quite so much distinction a highei peicentage of cases 
with a low polymoi phonucleai count were fatal, (18 pei cent) than those 
with a high count (13 per cent) 

Relation of Death to the Postopei ative Sequelae and Complications 
— Only one case without sequelae was fatal Death came quickl) within 
an hour of opeiation before complications could be noted It was evi- 
dently due to the state of shock present befoie opeiation Recovei} 
occurred in forty-six othei cases without sequelae Of the patients with 
fiom one to three postoperative complications, five died and thnty-six 
lecoveied, a mortality of 12 per cent Three of these died within foit)- 
eight hours m a state of shock and two later of pneumonia Of the 
sixteen patients having from four to seven postoperative complications, 
ten died 63 pei cent Ten of the patients who died had pneumonia, 
SIX had ileus, six had retention of urine and five suffered from shock 
Nine of the fatal lesults came m the first six days, these weie due 
piimarily to the peritonitis Five of the other seven patients hngeied 
on from nine to twenty-one daj's and died primarily fiom fairh imme- 
diate complications of the peritonitis One died m twent) -eight dajs 
and the other m eighty-five days fiom complications only lemotel}" 
caused the peritonitis 

The Relation of Death to the Giozvth of Oi ganisms fiom the Pcii- 
toiieal Exudate — Bacteiia -weie cultnated from the peritoneal fluid m 
e\cry fatal case In nine, there weie from one to three different species , 
in seren, fiom foui to six different species This contrasts strikingly 
with the patients ivho recoiered The peiitoneal fluid from them 
5 ielded no giowth m thiiti-five, from one to three sjiecies in thiit\-fi\c 
and fiom foui to seven species in twenti-tour In other word" the 
mortalit}' 111 thirti-five cases w^di no grow'th in the peritoneal fluid was 
7eio In foit} cases with fiom one to three different ‘:pecle^ in the 
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peritoneal fluid and in thiity-one cases with from foui to six species in 
the peritoneal fluid the moitaht} was 23 per cent The identical mortal- 
. ity percentage in these last two groups makes one wonder whether or 
not there is some inhibition of bacterial activity when large numbers of 
species are present offsetting whatever effect increased numbers might 
have, oi whethei the minor species are simply inert and indifferent to the 
process When one studies moie specifically the bacterial species 
piesent, it is found that nonhemolytic B coli was cultivated in fourteen, 
or 88 per cent, of the fatal cases, green streptococci in ten, oi 63 pei 
cent and C welchii in seven, oi 44 pei cent None of the othei species 
was piesent in more than three, or 19 pei cent of the fatal cases All 
of these other species aie apparently of secondaiy importance, except 
the hemolytic sti eptococcus , this oiganism is rare but of significance 
when it occuis, for it was found in only foui cases in the series and 
two of these were fatal, one yielding the streptococcus in pure culture 

Comment on Fatal Cases — The table of fatal cases brings out strik- 
ingly several points First, as to age incidence, whatevei indetei inmate 
factors play a part in the defense against peritonitis, youth has something 
that old age lacks The natuie and extent of the lesion had a profound 
effect in determining mortality In the gioup of cases of appendicitis 
It is significant that death occuried only when there was a perfoiation 
with an escape of intestinal contents into the peiitoneal cavity Without 
pel f oration, even when numerous species of bacteria were found viable 
in the peritoneum, as for example m ceitam of the cases of acute appen- 
dicitis and gangrenous appendicitis, the patients recovered The question 
arises as to whether death was the lesult of actual dosage, i e , numbeis 
of bacteria, of which we have no measure, oi the piesence of those 
intestinal fluids that are so irritating to the skin Again, is it the 
digestive activity of these juices or simply their chemical reaction that 
IS detrimental^ Every patient with perforated ileum, and only one of 
the five patients with perforations of the large intestine, died The 
ileal contents are alkaline, and the colonic contents aie usual!}'’ acid 
What has the reaction to do with it^ 

It IS of inteiest to note that none of the patients with acute local 
peritonitis died One sixth of the cases of abscess would seem to be a 
highei pioportion of fatalities than one would expect However, when 
it IS remembered that even when there is an abscess there is frequentl} 
a certain degree of diffuse peritonitis as well and that in opening an 
abscess the free peritoneal cavity is often entered, this ma} not seem 
too large 

That the damage is largely done befoie the patients come to the 
hospital IS borne out by the estimation of severity in the fatal cases on 
their admission Almost half of the patients who weie severely ill on 
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admission died, onl} 13 per cent of those who weie model atel} ill died, 
and none of those who were mildly ill 

The total white cell count was usuall} low ^Mth the peicentage of 
pol}'inorphonuclears relatively higher, which bears out the clinical experi- 
ence 111 other suppuratii e lesions that turn out unf ai orably 

The sequelae are of particular interest Pneumonia occurred in ten 
of the fatal cases It was terminal, to be suie, in some of the cases, 
but in others it was a factor of importance Excessive distention and 
excessive vomiting probabl)^ indicated the spread of the peritonitis and 
were present in practicall)'' eveiy patient who survived more than a da} 
or two Shock, of course, was the chief immediate cause of death in 
the early fatalities, though in most cases it was due to the degiee of the 
peritonitis 

The bacteriology is our chief interest in these cases The percentage 
of mortality increases rapidly when more than one organism is seen in 
smear or is grown out on culture Only one patient died (the one with 
fulminating hemolytic streptococcic peritonitis) when a single species 
was present, and, surprising as it may seem, the mortality percentage 
when from four to six species were present was almost identical with 
that of the group with from one to three species This has already 
been discussed Again, the mortality foi the three different groups 
containing the three common species is shown to be almost identical 
because of the overlapping and the fact that there was almost always 
moie than one organism m the fatal cases When these species are 
found together, either in pans oi all three together, the result is not 
appreciably altered B coli is so omnipiesent that it is hard to rule out 
the importance of its presence, but we have no evidence that the presence 
of C ivelclin increases the mortality or enhances the severity of the ill- 
ness, or that either C welchu or the green streptococcus is more effective 
than any other organism in enhancing the virulence of B colt Inasmuch 
as in oui series of cases it is impossible to separate the bacteria from the 
succus entencus, we must not lose sight of the possible role that it plays 
in this malad} The high mortality of perforative lesions is shown 
giaphically m chart 3 

The Factoi of Resistance of the Individual in Moitahty fioin 
Pcutomtis — This is something that is very difficult, if not impossible, 
to measure Perhaps the most significant indication of this is the age 
incidence m the fatal cases This series, however, offers an interesting 
comparison of four cases striking!} similar in almost e\er} respect 
namely age diagnosis, extent of lesion number and kind of bacteria 
found se^entv of SMuptoms on admission etc Onh one of these 
patients died The one who died differs from the other three simph 
in the number of sequelae among nhich nas a sudden cardiac failure 
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that was not explained as autopsy was refused It is possible that his 
sequelae were the result of some unrecognized mistake in postoperative 
caie, but he was m the ward and therefoie subject to the care of the 
whole staff just as the other patients were In another group of five 
similai cases, two died and three recovered without obvious explanation 
except the geneial resistance of the patient One of these patients 
obviously had a factor of w^eakness in diseased kidneys Our data do 
not give any definite information with regard to the lesistance of the 
patients, but that it may be an important factor in the recovery from 
peiitonitis must constantly be kept m mind 



The shaded area indicates the number of cases m which recovery occurred, the 
solid area, the number of fatal cases 

GENERAL SUMMARY 

We have studied intensively a small series of 106 cases of peritonitis 
and ha^e made a bactenologic examination of the peritoneal exudate 
taken at the time of operation We have studied the conditions at this 
fixed point of tune in the course of a pathologic process and have gone 
back to the beginning of the illness and on to the end m our clinical 
studv to see what we could logically correlate in the clinical cinemato- 
giaph wuth the condition at the moment of examination It wmuld be 
surprising if we could correlate everjlhing, particularly wath the 
innumerable factors at play both before and after but with certain 
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standard methods of piocedure it was thought that it would be woith 
while to make the attempt at con elation and try to interpret our obser^a- 
tions We have studied the question from every angle that seemed to 
offer any hope of success We hope that we have not attempted to get 
more out of our figures than they contain With so man} factois 
opeiatmg, it is only the outstanding features that are of any importance 
and only consistent results that cannot be explained away In many 
respects our lesults tend to confirm the results of previous workers m 
this field who established facts that are such common knowledge that 
they have been the basis of our methods of treatment In other respects, 
we aie faced with surprising and unexpected results that do not fit oui 
pieconcen^ed notions We should like to emphasize the fact that we 
were piepared to find all of the known pathogenic spore-formmg 
anaeiobic organisms, having spent a considerable period studying then 
growth requirements before tackling this problem By the use of blood 
agai plates and meat medium, C zaelchn and the other spore-foiming 
anaerobes are particularly eas} to isolate and identify Likewise, the 
B coll group of organisms are easy to find There is more difficultv 
in lecoveiing the intestinal streptococci, because they vai} so in artificial 
medium m their anaerobic requirements and their leaction to hemo- 
globin in blood agar plates 

Our studies seem to show fairl} convincing!) the following 

1 The gieat majority of patients with peritonitis who come to a 
general hospital have lesions of the appendix If the inflammation is 
limited in extent, the peritoneal exudate vields very few organisms on 
sineai oi culture 

2 If the appendix has not perforated, the disease is usuall) not 
fatal , whether the appendix is gangrenous or simply inflamed the 
couise is mild and the patients are able to letuin home in about two 
weeks 

3 If the appendix has perfoiated the inflammation is frequentlv 
extensive, the peritoneal exudate is profuse and yields gieat numbers 
of bacteria of several different species The disease is frequentlv fatal 
the couise is stormy, and the patient who survives has to stav in the 
hosjntal about twice as long as if it had not perfoiated 

4 In gangrene of the appendix, w'c hav'e no evidence from an exam- 
ination of the peritoneal fluid that the spore-forming anaerobic bacteria 
cither pathogenic or nonpathogenic are particular!) active hen jier- 
foiation of the appendix had taken place C zvclchii was lound in onlv 
twelve of thirtv cases or 40 per cent whereas B colt was lound in 
even instance In nine cases of gangrene of the apjiendix without 
perforation C 'ivclchn was not found once Of the six fatal cn'-es of 
peiforative appendicitis C Zk’clchii was lound in onlv two or 33 ]>er 
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cent, which is a lo^^ er proportion than its incidence in the whole group 
of cases of perforated appendix When we included the cases of per- 
foiative appendicitis with the other gangrenous- lesions of the appendix, 
we found that the anaerobes were piesent in piactically the same pro- 
portion as in the nongangrenous group 

5 Peiforative lesions of the small intestine promptly gave severe 
S3unptoms There was usually extensive tenderness over the abdomen 
without distention Total white blood cell counts weie frequently low, 
uith a lelativel}'- high percentage of polymorphonucleai s In the per- 
foiations of the upper intestinal tract, organisms were not usualty seen 
on smeai, and earl}^ cases 3a elded no giowth Perfoiations of the lower 
small intestinal tract weie invariably fatal The peritoneal exudate was 
usualty profuse and tuibid, nian3'^ organisms were seen, and all yielded 
bacterial giowth In the nonperforative lesions of the small intestine, 
the seveie S3unptoms were usuall3'- due to signs of intestinal obstruction 
with or without gangrene of the intestine In these cases bacteria were 
usuall3' found on culture in the peritoneal exudate, but smears indicated 
that the3'- were not present in great numbers, and the patients usually 
recoveied 

6 Perfoiative lesions of the large intestine in our series caused symp- 
toms to develop more slowly, and in spite of the fact that they occurred 
in oldei people and more bacteria were found both in smear and in 
culture, including C zuelcJw which was invariably present, the large 
majorit3’’ of these patients, four of five, recoveied 

7 Perforative lesions of the gallbladder in our series weie always 
fatal The factor of bile irritation seems to be a potent one and several 
workeis have reported that even if sterile, bile will cause a peritonitis 
u Inch ina3 be followed b3'' the appearance of organisms in the peritoneal 
exudate 

8 Without lespect to the cause of the peritomtis in three fifths of 
the patients coming to the hospital within twent3'^-four hours in our 
series, the lesion was local, the S3^mptoms were mild, the peritoneal 
exudate n as not profuse and organisms were rarel3'' seen in smear or 
obtained in culture Diffuse peritoneal inflammation was rarely found in 
cases V ith S3 mptoms of less than twelve hours’ duration, but usually in 
latei cases The cases with diffuse peritonitis were more severe, the 
peritoneal fluid was profuse, and usuall3’^ man3’’ organisms were seen 
on smear and recovered in culture Complications were frequent, and 
a third of the patients died When abscesses had formed the histor3 
uas usualh of long duration although S3nnptoms were moderately se^erc 
and there was much thick fluid containing man3' organisms both on 
smear and on culture The mortalit3 vas just half that of the diffuse 
group Of the three commonest organisms found namely B coh the 
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green streptococcus and C ’welchiij there is a greatei incidence in the 
diffuse than in the local, and a still greater incidence in the abscess, 
group But in spite of the higher incidence, the mortaht}- iias less in 
the abscess group than in the diffuse group 

9 Smeais of the peritoneal fluid made at the time of opeiation and 
compared with the culture seemed to be of real prognostic importance 
When smeais showed no organisms and cultures }ielded no growth, oi 
when fewer species appeared in culture than were seen on the smeai, 
every patient recoiered These tw'’o obsenations w'-arrant a faiorable 
prognosis When more kinds of organisms appeared on culture than 
w^ere seen on the smear, there w^as an indication that certain organisms 
were potential of danger Moie than one fifth of these patients died 
When all of the forms seen on the smear grew out, the moitaht} was 
still higher, more than one-fourth peiishing The last two conditions 
warrant a guarded prognosis 

10 When cases of peritonitis w'ere divided into gioups according to 
the number of bacteria that appeared in the peritoneal exudate, it was 
found that thiit}-five cases }ielded no organisms, eleien iielded one, 
fourteen tw^o, fifteen three, nineteen four, nine five, and thiee six species 
In the great majority of cases yielding no growdh, the disease was 
limited to the focus of infection With liable oiganisms present, the 
majorit)'- of patients had acute diffuse peiitonitis With lespect to 
certain symptoms and signs, theie w'as a steady increase of seient} cor- 
responding to the number of species present Other symptoms and signs 
wrere more severe in the group wnth from one to thiee species than in 
the group with from four to six This suggests either that certain 
species found are inert or that there may be protagonistic effects ot 
one bacterial species on anothei in the production of certain SMiiptoms 
and antagonistic effects in the pioduction of othei sjmptoms 

11 There w'^ere three outstanding bacterial species in our series of 
peiitoncal exudates Nonhemol}tic B coh w'as pieseiit in 87 per cent 
of the cases m wdiich bacteiia were found, gieen stieptococci were 
piesent m 49 per cent and C xvclchu was piesent m 38 per cent 
Altogether twent) -three different bactenologic gioups were lecoiered 

12 In our series, peritonitis was usuall} a poljmicrobic disease 
In onl) eleven of the seventy-one cases that jielded growth was a single 
species found For that reason it was Mrtualh impossible to eialuatc 
the lole placed bj each one Any grouping to bring out a single t actor 
w^as nullified bi the presence of man} common tactors The disease 
was worse in almost every respect when more than one organism was 
present than when there was a single organism The importance of am 
of these species in our series seems to depend more on its prciakncc 
than on its outstanding MUilence All of the cMdencc secm^ to -how 
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that C zvelchn and the other spoie-foiming anaeiobes as well as the 
anaeiobic streptococci and diphtheioid bacilli do not appreciably increase 
the seventy of the disease oi increase the chance of a fatal outcome 

13 Theie weie no fatal cases in the acute local peiitonitis group 
A thud of the cases of acute diffuse peiitonitis iveie fatal A sixtli 
of the cases of abscess were fatal All but one of the deaths occurred 
in cases of perforative lesions in which there was not only a bacterial 
but a chemical and a foreign body factor These factois cannot be 
separated in clinical cases 

14 Eveiy case of peifoiated ileum was fatal and only one of five 
in the group with perforated colon Only one patient with a single 
infecting organism died , that organism was a hemolytic streptococcus 

15 The mortalit}'- percentage when from foui to six species of 
oiganisms were piesent was almost identical with that of the group with 
from one to three species 

16 Although a third of our patients were less than 20 years of age, 
none of these patients died In the next two decades only three of 
thirty died After the age of 40 the moitahty increased considerably 
with age 

17 Variations in outcome in patients of the same age who seemed 
to have practically identical pathologic and bactenologic conditions at 
the time of operation indicate that the factor of individual resistance 
to peritoneal infection is an important one and must not be lost sight of 

CONCLUSIONS 

1 It cannot be too stiongly emphasized that the most imjiortant 
piophylactic treatment for peritonitis, as seen in a general surgical 
hospital, IS earl} diagnosis and eaily operation in acute appendicitis 

2 A comparison of smear and culture with the pathologic condition 
at the time of operation gives a sound basis for prognosis 

3 In the great majority of cases yielding bacteria in our series, 
theie was a poljmicrobic infection In aii}^ specific prophylactic oi 
active treatment for bacterial peritonitis one must take into consideration 
the symbiosis of the commonest organisms found in the peritoneal 
exudate, nameh B coh, the green streptococcus and C ivelchu 

4 The mortality in perforatne cases was so much greater than m 
the nonperforatn e cases in our senes that the role of the intestinal 
juices must not be forgotten 

5 The lesults of this study lay the ground work and point the vay 
to some specific experimental studies, of which maj be mentioned 
(o) vaccine and serum prophylactic and active treatment (b) the bac- 
tenostatic effect of pentoneal fluids (c) the neutralization of digestive 
fennents and (d) the sinergisms and antagonisms of certain bacteria 

4'6 6 ' ‘ 5 '^ 
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INSUFFLATION INTO ORAL PHARYNX 
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Dyspnea, cyanosis and othei signs and symptoms aie, of course, 
evidence of want of oxygen and are usuall}'^ abated in a patient who is 
benefited by oxygen therapy Clinical experience, however, has led 
us to believe that reduction of the pulse rate is by far the most reliable 
single guide by which to judge benefit, or failure of benefit, from the 
administration of oxygen-rich atmosphere It is therefore desirable 
that when oxygen therap} is instituted, as high a concentration as is 
mechanically available should be first begun Meanwhile a careful 
charting of the pulse rate should be made at least every fifteen minutes 
With high concentrations, approaching 100 per cent, the pulse rate will 
piobably be reduced during the fiist few hours If such an effect is not 
secured, caieful adjustment of the method of administration having 
been made to assure the operator that an extremely high percentage of 
oxygen has been displayed at the glottis, effort bejond a few hours is 
tutile, and the attempt should be abandoned If, however, a definite 
reduction in pulse late does take place, reduction of the ox\gen flow 
may then he made until such a point is reached that the maximum 
reduction of pulse rate is still maintained This should be chosen as the 
ojitimum concentration for that patient, and the inten'^al between jiulse 
late readings can be lengthened to one hour At the slightest rise in 
pulse late or the leturn of dyspnea the oxygen concentration should be 
increased until the maximum clinical effect is again obtained 

When the clinical progiess has i cached such a point that the 
necessity for excess oxygen in the inspired atmosphere appears to be 
no longer indicated fifteen minute readings of the pulse rate are again 
instituted, accomjianied b> gradual small reductions in the concentration 
of OX} gen W henever the pulse rate tends to increase, the concentration 
of oxygen must again be raised So o\er a period of from t\\ent}-four 
to fort\-cigbt hours in the usual case sometimes more lapidh ox}gen 
therap} should be gradualh discontinued The pin sician should at all 
times bear in mind that tbe change in atmospheric ein ironmeiit during 
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the interruption of oxygen therapy is not unlike that experienced by a 
pel son in tiavehng from sea level to mountain peak The circulatory 
muscle of a person whose heart reserve is adequate in ordinary life has 
occasionally been greatly embarrassed by such a change Nothing short 
of an elevator or airplane ascent could simulate the rapidity with which 
reduction in percentage of oxygen takes place during sudden withdrawal 
of oxygen therapy In certain instances extremely gradual reduction to 
noimal atmospheiic conditions has been found necessary 

Administration of excess oxygen by means of a cathetei passed 
through the nares is one of the simplest and most generally available 
methods As to the efficiency of this technic, opinions expiessed in the 
literature are at extieme variance Evans ^ recently compared the nasal 
catheter to the old-fashioned funnel suspended over the patient’s face 
and attached to a small oxygen tank and wash bottle through which 
200 or 300 cc of oxygen a minute were allowed to flow McCleod and 
others have, of course, long since called attention to the absolute ineffi- 
ciency of the funnel method On the other hand, Barach ^ recently 
showed that inspired oxygen can be raised to above 35 per cent by 
allowing 5 liters of oxygen to flow through a nasal cathetei A more or 
less superflcial experience with oxygen therapy by this means over a 
period of ten years, together with observations in the routine adminis- 
tration of seveial anesthetic agents, mixed with oxygen m various per- 
centages, by pharj^ngeal insufflation, led to the impression that much 
higher percentages could be reached than those repoited by Barach 

In adnunistering anesthetic gases and vapors by phaiyngeal insuffla- 
tion, the position of the tip of the catheter in the phaiynx has proved 
important Efficient anesthesia cannot be maintained with minimum 
quantities when the delivery is in the nasopharynx Even with a maxi- 
mum flow of gases, when the tip of the catheter is in the nasopharynx, 
the gases flow m one nostril and out the other or around the catheter 
rather than pass the soft palate into the oial phaiynx and to the glottis 
To maintain efficient anesthesia by means of pharyngeal insufflation, the 
catheter tip must be inserted well into the oral pharynx, the nearer the 
glottis the better Similar physical principles are involved in the 
pharyngeal insufflation of oxygen The therapeutic use of pharyngeal 
insufflation, however, often necessitates passing the catheter through the 
nostril of a semiconscious or noncooperative patient The tip of the 
catheter must he in an oral pharynx in possession of normal reflexes 
Great care and sometimes considerable diplomacy is necessary in suc- 
cessfully placing and fixing the catheter in proper position 

1 Evans, John Am Med 24 211, 1929 

2 Barach, A L Administration of Oxvgen 63' Nasal Catheter, JAMA 
93 1550 (No\ 16) 1929 
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In order to determine \\hether high concentrations of ox}gen could 
be maintained at the glottis of conscious patients by means of phar) ngeal 
insufflation, the folloiiing experiments Mere performed 

EXPERIMENTS 

Rubber urethral catheters no 8 or 10 F Mere used Each catheter Mas per- 
forated Mith four extra holes in the terminal half inch as suggested bj Barach - 
Multiple openings preient the possibility of a constant stream of oxygen striking 


0}al Phatyugeal Insufflation of O-iygen, Shoiotng Quantity of Oxygen 
Flowing and Gas Analyses of Samples Taken Near Glottis 


Ox^ gen. 

Cc per 
Minute 

Inspiration 

Expiration 


Oxygen 

Carbon 

Dioxide 

Oxygen 

Carbon 

Dioxide 

Comment 

1,500 

26 0 

02 

23 0 

42 

Catheters 4^ to 5E: inches 
from exterior narcs 

2.200 1,800 

29 8 


25 4 

42 

Xasal breathing 

2,200 1,800 

27 5 

0 0 

25 0 

38 

Oral breathing 

2,800 2,720 



34 0 

40 

Oral and nasal breathing 

4,200 3,100 



Co 1 

4 1 

Oral and nasal breathing 

4,200 4,120 



37 S 

4 0 

Oral and nasal breathing 

4 800 

45 7 




Oral and nasal breathing 

3,200 4,400 

300 

04 

410 

40 

Oral and nasal breathing 

4,800 

54 7 

07 



Xasal breathing 

0,180 

39 0 


43 0 

4 3 

Catheters mthdraivn 
slightly 

8,400 

30 0 


330 

40 

Catheters irithdrawn 
slightly 

6,000 



72 4 

20 

Catheter bexond 3 inches, 
mouth closed, gas 
Ewalloired 

6,000 



70 0 

20 

Same as preceding 
observations 

0,000 



71 1 

20 

Catheter 4’i to 3 inches, 
from exterior nares, nasal 
breathing, no gas 
sa alloired 

0,000 



71 0 

2 ^ 

Same as preceding ob'crva 
tions, oral breathing 

10 000 

74 2 

02 



Catheter 4 iA to 3 inches 
from exterior nares 
mouth closed 


one spot on the pharyngeal mucosa and thus annoying the patient and irritating the 
membrane The likelihood of blocking the one opening Mhen negati\e pressure 
is applied in taking samples from the pharynx is also obviated The sample 
catheter Mas inserted through tlie nostril and doMn the posterior Mall of the 
pharynx to a point opposite the glottis or nearh so The taking of tracheal 
samples seemed unjustifiable in conscious patients The deluery catheter Mas 
inserted m the other nostril Mith oxygen floMing It Mas ad\anced slowh down 
the oral pharynx until the subject found that a bolus of oxegen Mas sualloucd 
during the act of deglutition ( \ cooperatne subject casih determines this point 
The fact tint gas is SMalloMcd during deglutition is, hoMcecr, \eri endent to the 
obser\cr) Tlie catheter uas then shghth Mithdraun until no ga« mts swilloved 
during deglutition This point had been prenoush found to be the op*’irjri 
position to secure good clinical results in ox Mien therap\ 
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With “sample” and “delivery” catheters placed as described, a known volume 
of oxygen per minute was allowed to run through the delivery catheter, and 
samples were taken by means of negative pressure applied for short periods during 
each respiratory cycle, from two to four minutes being consumed m taking each 
sample 

The lesulting analyses of these samples with the number of cubic 
centimeteis of oxygen per minute flowing thiough the delivery catheter 
are set forth in the accompanying table Notes are added m some cases, 
as to the time samples were taken in the respiratory cycle, and whether 
the mouth was closed or open 

Ceitain facts are evident fiom these expeiiments 

1 The possibility of administering oxygen in concenti ations in 
excess of 70 pei cent by means of a catheter placed in the oral pharynx 
of a conscious patient is established A flow of from 7 to 8 liters per 
minute is capable of maintaining a percentage well in excess of 50 at 
the glottis 

2 Whether the mouth is open oi closed has much less effect on the 
concentration of oxygen at the glottis than does the position of the 
catheter and the rate of flow of the oxygen 

3 The position of the delivery tip of the cathetei is very important 
Careful fixation of the catheter with adhesive strips is essential to the 
comfort of the patient When properly placed and properly fixed almost 
no sensation is experienced by the subject othei than one of comfort 
and ease in breathing The position of the catheter does not seiionsh 
inteifeie with swallowing of food oi with speech 

4 The catheter, once ideally placed, should be maiked at the exteiior 
nai es m oi der properly to place a fresh catheter at twelve hour intervals 
m the alternate nostril The propei distance of the catheter tip from 
the exterior nares, in the subjects used for these experiments, varied 
between 4^ and inches (114 and 13 9 cm ) Viewed through the 
mouth this position was usually about level with the tip of the uvula as it 
hung quiescent during nasal breathing 

5 Small urethral catheters of a size not to exceed 10 Fiench aie 
ideal for this purpose, but, as suggested by Barach, they should earn 
extia holes punched m the terminal half inch 

COMPARATIVE ADVANTAGES AND DISADVANTAGES 

Consnmpilon of O'^ygen — By means of the pharyngeal catheter 
pioperly placed, concentrations of oxygen at the glottis in excess of 
50 per cent can be maintained with a flow not exceeding 7 liters Reports 
from clinics (Columbia Hospital Milwaukee, and the Mayo Clinic 
Rochester, I\Iinn ) using oxygen chambers estimate the volume of oxygen 
used as from 7 to 8 hteis per minute to maintain concentrations between 
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50 and 60 per cent Roth “ reported that a flow of from 5 to 6 liters 
per minute will maintain from 50 to 60 per cent concentration m the 
oxygen therapy tent, provided the tent flaps are kept carefully tucked in 
and no leaks are permitted Evans ^ repotted the consumption of oxjgen 
to be as great when a face mask is used By the use of soda lime 
absorption of carbon dioxide and a closed inhaler and breathing bag \\t 
have been able to administei pure oxygen atmosphere to a patient at 
forty-five minute intervals over a fifty-four hour period with an aACiage 
consumption of 620 cc pei minute Such a method howevei \\c 
believe to be applicable only to patients with chronic conditions who 
ai e not annoyed by a tightly fitting face mask 

Cost of Equipment — The equipment necessary tor the use ot 
catheters is cheap and easily piocuied wdiere\er compressed gases are 
used Tanks and pressure-reducing gages can often be rented fot short 
periods The original cost of chambeis foi oxygen therapy has been 
estimated at from S3, 000 to $5,000 pei bed Tents lequiie less large 
01 igmal investments 

Siipei vision — The catheter technic requires gieat care as to piopei 
fixation of the tube and as to maintaining a sufficient flow of oxygen 
Nursing care is not embaiiassed in any w^ay Chambers lequire careful 
mechanical maintenance of caibon dioxide removal and moisture legula- 
tion Nursing care is ideally easy, but expensne In the use of tents 
extreme care is necessary’- to maintain the concenti ation of oxygen in the 
face of the necessity for raising tent flaps during feeding expectora- 
tion, etc 

In conclusion, evidence is presented to show' that, w'lth propei care 
m placing catheters m the oral pharynx bareh short of the point at 
w'hich sw'allowmg of gas occurs during deglutition, ample concentrations 
of oxygen can be maintained in the inspired atmosphere to accomplish 
satisfactory clinical results 

3 Roth, Paul J Lab Chn Med 12 388, 1928 



THE ROLE OF TOXIN OF BACILLUS WELCHII 
IN THE TOXEMIA OF ACUTE INTESTINAL 

OBSTRUCTION 

AN EXPERIMENTAL STUDY 
HERBERT F THURSTON, MD 

INDIA^NAPOLIS 

The piesence o£ bacteria in the lumen of an obstiucted bowel is 
necessary for the production of the lethal substances that produce the 
toxemia of acute intestinal obstruction This bacteiial origin of the 
toxin in the content of the obstructed bowel is being universally 
accepted It has been amply proved by the investigations of Murphy 
and Vincentd Muiphy and Brooks,^ Brooks, Schumacher and Watten- 
beig,® Dragstedt. Mooihead and Burcky,'^ Diagstedt and Moorhead, “ 
and Dragstedt, Dragstedt, McChntock and Chase ® 

The exact natui e of the toxins f onned in the obstructed bowel is not 
known In 1918 Diagstedt, Dragstedt and Chase ’’ concluded that no 
immune bodies aie produced following the repeated injection of fluid 
from obstiucted loops of bowel into the veins of rabbits A further 
conclusion from then study was that the toxic propeities of this fluid 
are piobably not of protein natuie Before these woikeis injected the 

■' Submitted for publication, April 14, 1930 
From the Department of Surgery, Indiana University School of Medicine 
Aided by a Grant from the Committee on Scientific Research of the American 
Medical Association 

1 Murphj^, F T, and Vincent, Beth An Experimental Study on the Cause 
of Death in Acute Intestinal Obstruction, Boston M & S J 155 684, 1911 
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toxic fluid into the rabbits, they heated it to 70 C on a water bath foi 
an hour An inteiest in heat-labile toxins of fluid in the obstiucted 
bowel has been stimulated by lesearches conducted since these com- 
munications weie made 

Williams,® a British surgeon, advanced the hypothesis that the toxin 
of Baalhis welchii is the toxic agent in acute intestinal obstruction 
Some strains of this oiganism produce a powerful myotoxin which is 
heat-labile In support of his theor}'-, Williams pointed to the similarity 
between the clinical pictures of intestinal obstruction and of B tvelcJm 
infection He found the organisms in the vomitus from patients with 
obstruction, demonstrated the presence of the toxin m the filtrate of the 
content of the obstiucted bowel by animal inoculation and lowered the 
mortality rate clinically by giving B welchii antitoxin to groups of 
patients with intestinal obstruction and peritonitis 

Bower and Clark,® and Morton and Stabins submitted clinical 
and expel imental evidence of the therapeutic value of B welclm anti- 
toxin in acute intestinal obstruction and peritonitis Stabins and 
Kennedy demonstrated that a rapid growth of B welchii organisms 
occurred soon in isolated loops of bowel from which they failed to 
culture such organisms before the obstruction was produced Mclver, 
White and Lawson found from cultural studies of the bacterial flora 
of the obstructed loops of bowel in cats that the number of B welchn 
organisms was always so increased that there was no doubt that this 
was the predominant organism 

McClintock and Hines studied the occurrence of heat-labile toxins 
in closed intestinal loops They injected the Berkefeld filtrate of the 
loop fluid intraperitoneall> , using two senes of guinea-pigs In one 
series the unheated filtrate was used , in the other, an equivalent amount 
of filtrate heated for one hour to 65 C was injected into the peritoneal 
cavity In six animals that received the unheated fluid, death occurred 
in from twelve to forty-eight hours In six control animals the heated 
fluid failed to cause marked toxemia or death They failed to deraon- 

8 Williams, B W The Importance of Toxemia Due to Anaerobic Organ- 
isms in Intestinal Obstruction and Peritonitis, Brit J Surg 14 295, 1926 

9 Bower, J O , and Clark, J Bacillus Welchn Antitoxin Its Therapeutic 
Value, Am J M Sc 17G 97, 1928 

10 Morton, J J , and Stabins, S J Experimental Studies on the Relation 
of Bacillus Welchn Antitoxin to the Toxemia of Acute Intestinal Obstruction, 
Arch Surg 17 860 (Nov) 1928 

11 Stabins, S J, and Kennedy, J A The Occurrence of Bacillus Welchn 
in Experimental High Intestinal Obstruction, Arch Surg 18 753 (Feb ) 1929 

12 Mclver, M A , White, J C, and Lawson, G M The Role of the 
Bacillus Welchn m Acute Intestinal Obstruction, Ann Surg 89 647, 1929 

13 McClintock, J T , and Hines, H H The Occurrence of Heat-Labile 
Toxins m Closed Intestinal Loops, Proc Soc Exper Biol & Med 26 654, 1929 
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strate the piesence of the toxin of B zvelcJm in the fluid of the 
obstiucted loops 

Scholefield confirmed the observations of Sugito that blood with- 
drawn duiing the last moments of life from radicles of the portal vein 
diaming an obstructed loop of the intestine of the dog is toxic foi 
mice While the serum was separating, it was kept at a low temperature 
and then was injected into the peritoneal cavity of mice It killed them 
in fiom three to fourteen houis The seium from normal dogs was 
not toxic foi mice when given m similar quantities 

Prati used the supernatant fluid from a centrifugated extract of 
feces fiom both the noimal and the occluded bowel of dogs He 
injected this subcutaneously into guinea-pigs, using a control senes 
protected by B zvelcJm antitoxin He found that B zvelcJm antitoxin 
reduced materially the toxicity of these extracts When the extract of 
the content of the occluded bowel was given the animal lived for an 
average of eight hours When given the extract to which B zvelclni 
antitoxin was added, the animals lived for an average of twenty-two 
houi s 

The exotoxm pioduced by B z^jelchti contains both a myotoxm and 
a hemolysin, as shown by Bull and Piitchett^' and by Henryk® This 
exotoxm is weakened when it is exposed to the air, and it is destroyed 
b)'' heating to 70 C for thirty minutes Animals subjected to sublethal 
doses of the exotoxm produce an antitoxin that is monovalent The 
antitoxin neutralizes this toxin m multiple proportions and the hemolysin 
as well as the myotoxm is neutralized 

The myotoxm, strongest in fresh cultures from twelve to twenty- 
four hours after inoculation may disappear on the second or third da} 

14 Scholefield, B G Acute Intestinal Obstruction Experimental Evidence 
of the Absorption of Toxin from the Obstructed Bowel, with a Critical Review 
of Various Methods of Treatment, Guy’s Hosp Rep 77 160, 1927 

15 Sugito Su Ueber die Todesursache bei Ileus, Mitt a d med Fakult 
d k Univ Kyushu Fukuoka 9 229, 1924, quoted by Scholefield (footnote 14) 

16 Prati, Mario The Presence of Perfringens Toxin in the Contents of the 
Normal and Occluded Intestine, Boll d 1st sieroterap milanese 8 165 (March) 
1929 

17 Bull, Carroll, G, and Pritchett, Ida, W The Toxin and Antitoxin of 
and Protective Inoculation Against Bacillus Welchn, J Exper Med 26 119, 
1917, The Prophylactic and Therapeutic Properties of the Antitoxin for Bacillus 
Welchn, ibid 26 603, 1917, Identitv of the Toxins of Different Strains of 
Bacillus Welchn and Factors Influencing Their Production in Vitro, ibid 26 867, 
1917 

18 Henrj, Herbert On B Welchn Hemotoxin and Its Neutralization with 
Antitoxin, J Path & Bact 25 1, 1922, The Precipitation of B Welchn Toxin, 
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(Heniy^®) Reed and Spence,-® and Baiach and Diaper-^ demon- 
stiated an antiheinolysin in rabbits three ^\eeks after the injection of 
small amounts of the toxin of B welchii its maximum in se^en ^^eeks 
and persistence for a jear Henr) reported that the amount of 
antitoxin necessary to protect mice against the myotoxm is much less 
than that necessarj to neutralize the hemolysin 

EXPERIMENTAL STUDIES 

In these studies experiments were made to secure evidences direct!} 
as well as indirect!} of the absorption of the toxin of B t^jelchn from 
closed intestinal loops produced in dogs 

1 B Wclchii Aiititoriii tn Dogs zvith Isolated Intestinal Loops — In thlrtJ-fi^e 
strong, medium-sized, short-haired dogs a loop of jejunum was isolated and an 
end-to-end anastomosis of the bowel w'as made Each animal was gnen 1 gram 
(0 066 Gm ) of morphine sulphate subcutaneoush and ether anesthesia The 
jejunum w^as transected 10 cm below the ligament of Treitz and loops from 
15 to 35 cm long were isolated The Parker-Kerr 22 technic of end-to-end anas- 
tomosis W’as used to establish the continuitr of the intestine The ends of the 
isolated loop were closed b^ the Parker-Kerr technic, care being used to turn 
in no more of the bow’el end than w'as absolutelj necessarj Alans of the animals, 
at the beginning of the studs receised bs hs podermoclj sis 0 5 liter of normal 
physiologic solution of sodium chloride This ssas not continued for it ssas found 
that they recovered ss'ell from the operation svithout it All of the animals ss'ere 
gisen as much food and svater as thev cared to take 

Tss'enty of the animals svere gisen 5 cc of concentrated B zvclchn antitoxin 
dails from the daj of the operation until their death The onl> exception to this 
ss’as due to a temporarj shortage of the antitoxin sshen tsvo or three animals 
missed their dosage for a das or tsso The antitoxin ssas gis'en subcutaneoush 
and the injections ssere begun on the das of operation It ssas supplied bj the 
Alulford Companj and ss’as standardized so that 1 cc svould neutralize 5,000 
minimal lethal doses of the toxin of B zvclcJiii 

The fifteen animals in the second series ssere treated exactls as the animals 
of the first series, except that thes receis’ed no antitoxin Three of these animals, 
one of the protected series (no 65) and tw’o of the control senes (nos 38 and 64), 
recovered svell from the operations, and ate heartils but became progressis’els 
vmaciated Finallj anorexia developed When it seemed that the animals ss'ould 
die soon, the abdomen svas reopened and the isolated loop svas remosed The 
conditions m these three animals ss'ere most interesting and are considered in 
section 4 of this paper The loops ssere resected on the tsvents -sixth das, the 
forty-third das’ and the sixteenth das respectisels after operation In striking 

19 Henrs (footnote 18, third reference) 

20 Reed, G B , and Spence, AI Duration of Immunits to Bacillus Welchii 
Toxin (m Rabbits), J Infect Dis 41 428, 1927 

21 Barach, A L , and Draper, G Studies in Experimental Anemia 
Immunologic Studj of Relation Betsseen Pernicious Anemia and Anemia Due to 
AVelch Bacillus Toxin, I Chn Ins estigation 4 539, 1927 

22 Kerr, Harrs H The Deselopment of Intestinal Surgers, T A AI A 
81 641 (Aug 25) 1923 
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an average length of life after operation for comparison, the day the loop was 
resected was considered as the day of death 

Postmortem examinations of all the animals were made to determine the cause 
of death In five of the dogs receiving antitoxin a simple obstruction was found 
In four animals this was caused by mvagmating too much bowel wall when the 
end-to-end anastomosis was performed in the first group of operations, and was 
due to inexperience with the type of technic used The simple obstruction in the 
fifth dog was due to a hairy bezoar These dogs lived for 10, 10, 14, 8 and 24 
days At postmortem examination in none of these was the loop ruptured and 
there were evidences in each of dehydration and starvation The mucosa within 
the loop was intact and there was no necrosis of its wall In two of them the 
loop was extremely flabby and its content quite pasty, owing to absorption of fluid 

Table 1 — Length of Life of the Annuals Afto Operation 


Senes A Animals Receiving B Welchii Antitoxin (20 Bogs)* 


Number 

of 

Animals Condition 


Average Duration 
Average of Life of 
Duration Animals With 
Duration of Life of Toxemia and 

of Life, Whole Group, Peritonitis, 

Days Days Days 


1 tToxemia and resected loop 26 

i Toxemia and unruptured 2, 2, 3, 1 

loop 

10 Toxemia and ruptured 2 5, 4, 2, 30, 8, 
loop 4, 2, 3, 3, 8 

5 Toxemia and simple oh 8, 10, 10, 

struotion 14, 24 


70 


35 


Average 
Duration 
of Life of 
Toxemic 
Animals, 
Days 


20 


Series B Control Animals (15 Dogs) 

2 tToxemia and resected loop 43, 16 

5 Toxemia and unruptured 5, 2, 2, 5, 3 
loop 

S Toxemia and ruptured 1 25, 2, 4 5, 1 5, 
loop 4, 5, 3, 6 

68 34 


34 


* No beneficial effects from the administration of B irelchii antitoxin were observed 
t The duration of life of these animals was taien up to the time of the resection of 
the loop 

Four of the twenty animals that received antitoxin died Autopsy disclosed 
an unruptured loop enormously distended, discolored and with a necrotic mucosa 
but no gross evidence of peritonitis In each dog there was a serosanguineous 
transudate free m the peritoneal cavity The average length of life of these animals 
was two days 

The characteristic features of the conditions found at autopsy m the animals 
with ruptured loops xvere those found by van Beuren The loops had been 
enormously distended They were discolored with purple to black gangrenous 
patches and with perforations opposite the mesentery A virulent peritonitis had 
occurred m some In others the animals were apparently overwhelmed by rapid 
absorption of toxins from the liberated loop fluid before peritonitis developed 

The average length of life of the “protected” senes was 7 da 3 '’s and that of 
the control series 6 8 days Removing from consideration the anmials from w Inch 
the loop was resected and those having simple obstruction, the average length 

23 Van Beuren, F T The Mechanism of Intestinal Perforation Due to 
Distention, Ann Surg 83 69, 1926 
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of life of the fourteen protected animals was 3 5 days and that of the thirteen 
control animals 3 4 days 

Five of the control animals died with an unruptured loop and with evidence of 
acute toxemia The average length of life of these animals was 3 4 days, 1 4 days 
longer than the average of the same group of the series receiving B welchii 
antitoxin 

2 The Immunization of Dogs by B Welchit Toxin — A series of eight short- 
haired dogs of uniform size were inoculated with the toxin of B welchn A toxin, 
made by Dr H W Cromwell, from a virulent strain of B tvelchii, was supplied 
by the Swan-Myers Company The minimal lethal dose of each lot of toxin 
was determined by intramuscular injection into pigeons The animals were given 
SIX injections of toxin made at weekly intervals The first injection was made 
intramuscularly and consisted of a sufficient quantity of the Berkefeld filtrate of 
a broth culture to contain 5 minimal lethal doses Following two or three injec- 
tions there was a marked local reaction After the second dose of the filtrate 
further immunization was carried out by intravenous injections of the unfiltered 
cultures The dosage was gradually increased until a final dose of 12 minimal 
lethal doses was given Some of the culture occasionally escaped into the areolar 
tissue along the vein, but no local reaction was produced One of the eight animals 
died from distemper, and another following a fight, a third was not used because 
it was ill 

Seven weeks after the first inoculation of B welchn toxin was made, five 
of the eight animals were bled and their serum was used in an attempt to protect 
pigeons against lethal doses of B welchn toxin as well as in tests for hemolysis 

The serum was kept at icebox temperature until the tests were made For 
the inhibition of hemolysis tests an eighteen hour broth culture of B welchn with 
a ps oi 7 was centrifugated at high speed for an hour The serum from the 
dogs was mixed with the supernatant fluid from the centrifugated broth culture 
and incubated for one hour on the water bath at 56 C A 5 per cent suspension 
of rabbit red blood cells, washed with Ringer’s fluid was added to the serum 
and toxin, and the serum-toxin mixture was again incubated for an hour Adequate 
controls were employed Two of the five animals gave no evidence of anti- 
hemolysin in their serum The serum from two dogs gave complete protection, 
and one gave partial protection, against hemolysis (table 2) 

The serum from the two dogs giving strong protection against hemolysis also 
protected pigeons for forty-eight hours or longer against 23 and 24 minimal lethal 
doses of B welchn toxin, respectively The serum containing moderate quantities 
of antihemolysin protected a pigeon for more than forty-eight hours against only 
2 4 minimal lethal doses Serum from the animals that contained no antihemolysin 
did not protect pigeons against 1 minimal lethal dose of the toxin 

Isolated loops, from 30 to 45 cm long, were produced in these three animals 
in the same manner as in the animals reported in section 1 One animal died after 
forty-eight hours with a ruptured loop and general peritonitis, and another aftei 
nine days with the same conditions The serum of this animal gave the least 
protection to a pigeon The third animal died from absorption of toxin from the 
isolated loop after fourteen days Postmortem examination of the third animal 
revealed a distended, intact, isolated loop with a hy^pertrophied wall There vas 
a serosangumeous transudate free in the abdominal cavity 

3 Loop Toxin and B Welchn Toxin tn the Veins of Dogs — ^From 5 to 8 cc 
of fluid from the isolated loops of two dogs were injected into the \eins of three 
others For two of these animals tlie toxic fluid from the loop of dog 38 of 
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section 1 was used For one of these, a medium-sized dog, an equal quantity of 
the concentrated B zielchn antitoxin was mixed with 7 5 cc of the loop fluid, 
allowed to stand a few minutes and then injected The typical clinical and 
pathologic complex was observed in each of these dogs The dog receiving the 
combined doses of B welchu antitoxin and toxic loop fluid responded more quicklj, 
clinicallj'', to the intoxication than did the other two From within a moment 
or two to within half an hour after injection the onset of these symptoms occurred 
in the three animals There was dilation of the pupils, involuntary urination, 
marked retching and vomiting, diarrhea — extremely bloody in one case — 
hyperpnea and tremors and weakness of the posterior extremities Coma intervened 
before death The animals died in from one and a half to twelve hours after the 
injection These symptoms were enumerated by Coopery'S thoroughly 

reviewed the recent literature dealing with intestinal obstruction 

At postmortem examination the lungs appeared collapsed and grossly normal 
There was no evidence of hemolysis-staming of the lining of the heart or of the 
intima lining the larger blood vessels About two thirds of the lining of the lower 
part of the duodenum, jejunum and ileum was blotched with petechial hemorrhages 
The bowel content everywhere was red from bleeding 


Table 2 — Data Pet tammg to the Imvinmced Animals 





Inhibition of 


Extent of 



Duration 

Hemolysis on 


Protection of 



of Life 

Titration of 


Pigeons by 

Dog 

Condition 

Days 

Serum 


Serum, MED 

70 

Toxemia and peritonitis 

2 

Complete 

1 ec 

protects for 23 M L D 

71 

Toxemia 

14 

Complete 

1 cc 

protects for 24 M L D 

S3 

Toxemia and peritonitis 

9 

Partial 

1 cc 

protects for 2 4 M E D 


* Complete and partial inhibition of hemolvsis m the blood serum of these animals indicates 
the presence of some antihemolytic substance or substances The protection of the pigeons 
against 1 M L D or more of the toxin indicates the presence of immune bodies against the 
mj otoxin 

Sufficient of the broth culture of B zvclchn (60 cc ) to contain 300 fatal doses 
for a pigeon was injected into the vein of another dog A slight reaction occurred 
from this, such as a moderate diarrhea and retching No such marked clinical 
symptoms occurred with the use of this toxin as when a very much smaller 
quantitv of loop fluid was given This difference was striking The death of 
the animal occurred in twelve hours On postmortem examination there were 
small areas of petechial hemorrhages of the lining of the lower part of the 
duodenum and of the jejunum and ileum The bowel content was greenish brown 
The blood in the cavities of the heart and large vessels was fluid, and the linings 
of these cavities were wine-colored from staining by hemolysed blood 

If the toxins of B zvclchn were the lethal bodies of the loop fluid the B zvelchn 
antitoxin should have neutralized them and delayed the response of the animal 
to the effects of the loop fluid The B zvclchn antitoxin gave no protection what- 
e\er Dogs vary greatly in their response to the intravenous injection of fluid 
from occluded loops, some requiring large doses before death occurs In those 
reported here, however, a much smaller quantity of the loop fluid than of the broth 
culture was required for fatal effects 

4 Effects of the Continued Absoi pfton of Isolated Loop Fluid— This report 
has to do with the three animals mentioned m section I from which the isolated 

24 Cooper H S F The Cause of Death in High Obstruction Arch Surg 
17 918 (Dec) 1928 



THURSTON— ACOTh INTESTINAL OBSTRUCTION 


79 


loops were removed before death occurred One of them (no 65) (table 3) was 
of the senes that received 5 cc of S zoelchtt antitoxin subcutaneouslj for eight 
dajs until the supplj' became exhausted temporarily Its regular use vas dis- 
continued thereafter, and the animal had received no antitoxin for twelve da\s 
before the resection of the loop There was progressive emaciation in spite of 
a heaw intake of food For four or five days before the resection of the loop 
anorexia developed This became so extreme that the dog could not be induced 
to take an}'- food The emaciation was extremely marked On the twenty-sixth 
day after the isolation of the loop the abdomen was again entered under light 
ether anesthesia and the loop resected Within a month after the resection of the 
loop the animal became well nourished again 

The length of the loop had increased from 35 to 78 cm , and its circumference 
was 12 cm It contained 650 cc of graj ish-green fluid The mucosa of the loop 
was everywhere intact, and the fibous and muscle tissue of the wall of the bowel was 
grosslj thickened The lumina of the blood vessels, particularly the veins, in the 
mesentery of the loop were from two to three times larger than ther were 
when the loop was isolated 

The death of a pigeon occurred within eighteen hours after 10 mg of the 
fluid from the loop was injected into the breast muscles A strip of the muscle 
was removed aseptically and cultured anaerobically There was a grow'th of gram- 
positive rods which produced a storm clot in milk mediums and which had the 
morphologic characteristics of B xvcJclut The serum of blood removed from 
dog 65 at the time of the resection of the loop was kept at icebox temperature 
and was used in the attempt to protect pigeons from the lethal effects of the 
toxin of B zvelchti One cubic centimeter of the serum gave no protection for 
1 minimal lethal dose When one month had elapsed after the resection of the 
loop the animal was again bled and the blood serum was studied to see if it 
contained an antihemolysin The method used was that described bj Henr> for 
the neutralization of the toxin b> the serum Complete hemoljsis occurred and 
there was no neutralization of the toxin bv the blood serum 

Emaciation of the large hound (no 38) occurred before the loop rvas resected 
on the forty-third day This was 20 cm m circumference, and it contained 750 cc 
of thick, grumous, straw'berrj^-colored fluid The mucosa was intact, its blood 
vessels in the mesentery had increased from two to four times m size, and its 
length from 37 to 80 cm Theie w^as a marked increase m the connective and 
muscle tissue in the wall of the loop Cultures of the loop fluid growm anaerobicallj' 
gave a growth of B 'welcliii One cubic centimeter of the blood serum of this 
animal, removed w'hen the loop was resected, did not prevent death in a pigeon 
w'hen 1 minimal lethal dose of the toxin of B tvelchu was given Hemoljsis w'as 
complete in the hemolysis tests After the resection of the loop, the animal became 
well nourished wuthin a month 

Animal 64 became verv weak and emaciated in tw'O weeks and died the dar 
after the loop was resected The loop was short and distended bv 100 cc of 
tarr^ , grumous material , its mucosa w^as intact, and the wall greath thickened 
b}’^ fibrous tissue B wclclm was isolated from fluid in it No evidence of immune 
bodies against the mvotoxm or the hemohsm of B z^'clcliit was found in the 
blood serum of this animal b> the pigeon and hemohsis tests similar to those 
described 

5 Tests jot tilt Hemolvsms of B Wdehn in the Poital Set uni, Tiaiisiidatc 
and Chyle in Obsti nction — The hrpothesis that the toxin of B ziclchii is the 

25 Henrv (footnote IS, first reference) 
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toxic agent m the toxemia of acute intestinal obstruction would be materially 
strengthened if its presence in the abdominal transudate, the lymph from the 
thoracic duct or the portal blood serum of the animal with obstruction was demon- 
strable This toxin IS particularly suited for such studies for two reasons If 
recovered in lethal quantities its antitoxin can be used to protect animals against 
its fatal effects, and it modifies the serums of animals so that they inhibit hemolysis 
Schonbauer 26 showed that the peritoneal tiansudate found with an obstructed 
bowel IS toxic on intravenous injection into other animals Stone and Firor^r 
described experiments m which they demonstrated the toxicity of Ringer’s fluid 
which had bathed an inflated loop of intestine containing fluid removed from 
another loop of obstructed bowel The loop had been removed from the animal 
and it was deprived of all its blood supply The conditions in experimental animals 
were not closely simulated by this experiment Murphy and Brooks 2 collected 
the chyle from the thoracic duct of a dog a loop of whose bowel was isolated and 
contained fluid removed from the loop of another animal that had died from 
obstruction The veins draining the loop were ligated The fluid collected from 


Table 3 — Data Peitammg to the Senim of the Animals Having the 

Resected Loops '' 


Dog 

Date of 
Isolation 
of Loop 

Date of 
Resection 
of Loop 

Serum 

Collected 

Inhibition of 
Hemolysis on 
Titration 

Protection of 
Pigeons by 
by Serum 

65 

Aug 10 

Sept 5 

Sept 5 

Oct 6 

Oct 20 

Not increased 
Not increased 

1 ce gives no protection 
for 1 M L D 

38 

Aug 21 

Oct 3 

Oct 3 

Oct 13 

Not increased 

1 cc gives no protection 
for 1 11 L D 

64 

Jan 21 

Deb 6 

Feb 6 

Not increased 

1 ce gives no protection 


for 1 M L D 

* No increase of inhibition of hemolysis indicates the absence of antihemotoi.in in the 
serum of these animals No protection of pigeons for 1 minimal lethal dose of toxin denotes 
the absence in the serum of immune bodies against the myotoxin 

the thoracic duct produced death when injected into a small dog In another 
experiment these workers increased the pressure in the closed loop containing toxic 
loop fluid removed from an animal with obstruction A pressure of 48 inches 
of water was maintained The veins draining this loop were not ligated The 
chyle was collected and injected into the vein of another animal Lethal effects 
were not produced 

Normal intestinal mucosa is impervious to lethal doses of the toxins of acute 
intestinal obstruction Murphy and Brooks 2 felt that the factors that make the 
absorption of toxin possible were more important than the factors producing the 
toxin They emphasized that the toxic materials are not rapidly absorbed through 
normal mucosa The theory that increased intra-mtestinal pressure is the factor 
that produces mucosal injury so that the toxins are absorbed m lethal quantities, 
stated most clearljr by Murphy and Brooks,^ has been stressed by Hartwell and 

26 Schonbauer, L Die Fermente in ihrer Beziehung zu gewissen Erkrankun- 
gen der Gallenblase und zum Ileus, Arch f klin Chir 130 427, 1924, quoted by 
Scholefield (footnote 14) 

27 Stone, H , and Firor, W M Absorption in Intestinal Obstruction Intra- 
intestmal Pressure as a Factor, Tr South Surg & Gynec A 37 173, 1924 
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his associates,-® Dragstedt and his co-workers, Scholcfield,i^ Gatch, Trusler and 
Ayers®® and by Morton,®^ who recently re\iewed and contributed to this phase 
of the question The distention of the intestine produced b} the gaseous or fluid 
pressure injures the mucosa bj^ occluding its blood supplj 

When I was working as an assistant of Dr Le Count at Rush Medical Col- 
lege, he repeatedlj’’ pointed out to me that the necrosis in human bodies is first 
evident in the epithelial covering of the tips of the valvulae conniventes squarely 
opposite the mesenteric attachment, that is to say, at the most peripheral point 
m the circulation of the blood m the bowel When the protective layer of 
intestinal epitlielium has been functionally destrojed, absorption takes place as 
from the peritoneal cavity the serosa of which exerts no physiologic selective action 
Gross changes are usuallj’^ alwaj^s seen in the mucosa, but there is no reason to 
believe that even m the absence of any gross or histologic changes its physiolog 3 " 
IS not profoundly affected 

When tlie fluid from isolated loops is filtered through a Berkefeld filter much 
of the lethal substance does not appear in the filtrate Moreover, the process of 
filtration is difficult if heat-labile toxins such as those of B 'welchu are to be 
preserved In this experiment it was the intention to allow the wall of the bowel 
to serve the function of the Berkefeld filter Long loops of bowel were isolated, 
and the toxic fluids were placed in them and held at a pressure a little less than 
the diastolic blood pressure This pressure was produced for the purpose of 
damaging the mucosa, physiologically if not grossly, in order that rapid absorption 
would occur The abdominal transudate and the chyle and blood from the portal 
vein were recovered The animals were kept under light ether or light sodium 
un-amylethylbarbiturate anesthesia during the course of the experiments Fluids 
were supplied subcutaneously m the form of normal physiologic solution of sodium 
chloride 

Mclver and his associates measured a pressure of 54 mm of mercury in 
the unruptured isolated loops in dogs Owings, McIntosh, Stone and Weinberg®® 
reported that in obstructed loops of jejunum the pressure was from 30 to 45 cm 
of water Stone and Firor ~~ found that the normal intra-intestinal pressure was 
1 5 cm of water, whereas the pressure above an obstruction ivas ISO cm of ivater 
In the present experiment a pressure of 60 mm of mercury (corresponding to 
81 6 cm of water) w^as maintained in these long closed loops bj' means of either 
air or fluid A Lucr sj ringe, a mercury air valve and a mercurj manometer were 
used to keep a constant head of pressure 

Murphy and Vincent ^ stated that the height of intoxication is apparentlj 
reached in from four to six hours when the mesenteric veins draining an occluded 

28 Hartwell, J A , Hoguet, J P , and Beekman, F An Experimental Study 
of Intestinal Obstruction, Arch Int Med 13 701 (May) 1914 

29 Dragstedt, Dragstedt, McChntock and Chase (footnote 6) Dragstedt, 
Moorhead and Burcky (footnote 4) 

30 Gatch, W D , Trusler, H M , and Ajers, K D Acute Intestinal Obstruc- 
tion, Mechanism and Significance of Hypochloremia and Other Blood Chemical 
Changes, Am J M Sc 173 649, 1927, Causes of Death m Acute Intestinal 
Obstruction, Clinical Applications and General Principles of Treatment, Surg 
Gynec Obst 46 332 (March) 1928 

31 Morton, John J The Differences Between High and Low Intestinal 
Obstruction in the Dog, Arch Surg 18 1119 (March) 1929 

32 Owings, J C , McIntosh, C A , Stone, H B , and VTinberg, J A 
Intra-Intestinal Pressure in Obstruction, Arch Surg 17 507 (Sept) 1928 
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loop of bowel are ligated In the experiments reported here the animals were 
found to fail rapidlj" when the intra-intestinal pressure with toxic fluids in the 
loop had been maintained for five or six hours After the pressure had been 
maintained for five or six hours, sudden death occurred in some animals with 
so little warning that no time was given for the aspiration of the blood in the 
portal vein In control experiments, when normal physiologic solution of sodium 
chloride was held under pressure in the loop, in place of the loop fluid, continuously 
for twelve hours or more, the animal lived for over twenty-four hours This 
control was repeated m three instances with similar results 


Table 4 — The Tiliafious joi Antihcmotoxm 





Vmount, 

Serum 

Inhibition of 

Rabbit 

Date 

Cc 

Collected 

Hemolj sis 

1 

Injected viith transudate from 

Oct 6 

1 5 

Oct 0 

Normal 


dog 17 , 

Oct 7 

1 5 

Nov 25 

Not increased 



Oct S 

1 5 

Dec 23 

Not increased 



Oct 0 

1 5 





Oct 10 

1 5 



2 

Injected with portal serum from 

Oct C 

1 5 

Oet 0 

Normal 


dog 17 

Oct 7 

1 5 

Nov 25 

Not increased 



Oct 8 

1 5 

Dee 25 

Not increised 



Oct 0 

1 5 





Oct 10 

1 5 



3 

Injected with 24 hour bioth cil 

Oct 0 

1 5 

Oct C 

Normal 


ture of B velchii 

Oct 7 

1 5 

Nov 25 

Complete 



Oct 8 

1 5 





Oct 0 

1 5 





Oct 10 

1 5 



4 

Injected viitli chvle from dog 24 

Oct 23 

1 5 

Oct 23 

Normal 



Oet 24 

1 5 

Nov 25 

Complete 



Oct 25 

1 5 

Dec 23 

Complete 



Oct 26 

1 5 





Oct 27 

1 5 



3 

Injected with transud ite from 

Oct 23 

4 0 

Oet 23 

Normal 


dog 24 

Oct 24 

4 0 

Nov 25 

Partial 


Oct 25 

4 0 

Dec 23 

Complete 



Oct 26 

40 





Oct 27 

4 0 




* The transudate and «eruni of the hlood from the mesenteric veins of the loop containing: 
loop toxin contained no hemotoxin The transudate and the chyle from the loop containinir 
the toxin of B weJchii contained toxin in sublethal quantities This produced the antiherao 
li sins in rabbits 4 and 5 


Loop fluid and broth cultures of B zvclclm were held under pressure, and 
the transudate, ch 3 le and blood from the mesenteric veins were collected These 
were immediately injected into pigeons and into mice No constant effects of 
their toxicity were found 

The followung experiment w^as then earned out to determine the presence of 
sublethal quantities of the toxin of B zvelchn in the portal blood serum and 
abdominal transudate With the animal (dog 17) under sodium lyo-amjdethv 1- 
barbiturate anesthesia, almost the entire small bow'el was isolated by the Parker- 
Kerr method The distal end was closed, and a rubber tube was fixed into the 
proximal end bj purse-string sutures Seven hundred fifty cubic centimeters of 
loop fluid removed from the loop resected from dog 38, mentioned in section 4, was 
introduced into this long isolated loop, and the abdomen was closed The pressure 
111 the loop was raised to 60 mm of mercury and held at this level After five 
hours, when it became evident that the animal was failing rapidly the abdomma 
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cavity was again opened, and 250 cc of portal blood was aspirated from the 
radicles of the portal vein draining the loop A similar quantity of serosanguineous 
transudate was also removed from the abdominal cavitj 

The blood and the transudate were kept at icebox temperatures, and contact 
with the air was prevented by an oil seal Into the veins of a rabbit, 1 5 cc of 
this blood serum was injected for five successive days In a similar manner a 
second rabbit was inoculated with doses of the transudate After fi%e w'eeks 
hemoljsis was unaffected by the serums of these rabbits (table 4) 

A control experiment was performed Under light ether anesthesia almost the 
entire small bowel of dog 24 w'as isolated A rubber tube, secured by purse- 
string sutures, w'as placed in the proximal end The greatest care w'as used to 
prevent leakage into the peritoneal cavity Three hundred cubic centimeters of 
the broth culture of B wciclut, containing 1,500 minimum lethal doses for a 
350 Gm pigeon, was placed in the loop An mtra-mtestinal pressure of 60 mm 
of mercury was held for six hours The thoracic duct was cannulated at the 
beginning of the experiment and the chyle w'as collected The chyle became 
pink from blood as soon as the pressure was raised in the isolated loop of bowel 
When the life of the animal w'as seen to be ebbing, the abdomen w^as reopened 
It died before aspiration of the blood from the portal vein could be done The 
serosanguineous transudate was removed from the abdominal cacity and used 
to inoculate a rabbit by five intravenous doses of 4 cc each A second rabbit 
received intravenously five doses of 1 5 cc each of the ch> le A third rabbit was 
given five doses of 1 5 cc each of a portion of the culture of B taelclui that was 
used in the isolated loop in this experiment After five wxeks the three rabbits 
w^ere bled, and the ability of their serum to inhibit hemolysis w’as examined The 
serums of the rabbits that received the chyle and the transudate gave as good 
protection against hemolysis as that of the rabbit which received the pure culture 
In all of these experiments the rabbits were bled before inoculation, and the 
content of antihemoljsins of their serums was measured None existed m anj 
of them 

COMMENT 

After isolation of short loops of the proximal part of the jejunum 
m dogs death occurs as a rule m from two to five days after continuity 
of the gut IS reestablished The production of a closed loop is a 
questionable pioceduie because rupture of the loop with peritonitis is 
so commonly found after death, to which, of course no immunit} is 
possible If the loop is intact and if on postmortem examination no 
other cause for death is found, it is reasonable to assume that absorption 
of some of the lethal bodies within the loop has caused death As 
evidence that dehydration did not occur in such animals, reported m 
sections 1 and 2 of this study, a clear serosanguineous transudate w^as 
found free in the peritoneal caAUty In the animals wuth unruptured 
loops and without simple obstruction the administration of the specific 
antitoxin should have prolonged life if the absorption of that paiticular 
toxin IS the cause of death The control animals that died from toxemia 
lived on the a\ erage 1 4 days longer than did the animals w ith a similar 
condition that received daily injections of 5 cc of the concentrated B 
welchn antitoxin (table 1) The antitoxin had neither a proph) lactic 
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noi a therapeutic value, for life in the protected senes should have 
been prolonged Similar results were obtained by Owmgs and 
McIntosh 

Dogs may be immunized to the toxins of B zvdchu, but there are 
variations in their response to inoculations with these toxins Bull 
and Piitchett found that one proph 3 dactic dose of B welchti antitoxin 
furnished protection to a gumea-pig for twelve days when given the 
day before the infection occurred Active immunization did not protect 
these animals against the toxins absoibed from the isolated loops 
(table 2) 

While not pertinent to this study, it is an interesting observation that 
in all of the animals leported in section 1 in which simple obstruction 
occurred along with the isolation of the loop not one of the loops was 
ruptured Some of the loops were flabby and relaxed, and their content 
was pasty There was no connective tissue oi muscle hypertrophy in 
the walls of these loops Braeye found that there was a latent period 
of ten to twenty houis in animals before the piessure in the loop was 
sufficient to cause neciosis and perforation Thirty-six hours were 
required for toxic properties to develop in the loop fluid In the 
animals with simple obstruction, mentioned in section 1, the secretion- 
absorption ratio within the loop was disturbed by the dehydration effects 
of the simple obstruction which evidently started before the end of this 
latent period, and theiefore overdistention of the loop did not occur 
Such animals ° lived for an average of 13 2 days Death was due to 
dehydration and starvation If the usual lethal products of obstruction 
were m the loops, they were not absorbed m sufficient quantity to cause 
an early death The mucosa had exerted a selective absorption of fluids, 
however, for the loop content m some was thick and pasty 

Dragstedt ® noted that if loops 25 cm and longer are isolated, rup- 
tuie of the loop does not always occur, but the animal will die in a few 
weeks because the liver is not able to cope with the toxic substances 
absorbed The animals described in section 4 from which the loops were 
resected weie overwhelmed by the continued absorption of the toxins 
of the loop content B welchii was grown from each loop It is to 
be expected that animals suffering fiom a toxemia caused by intestinal 
obstruction would show a marked immunity to the toxin of B zvelcJui 
if that IS the toxin absorbed The toxemia of these animals was not 
due to the toxins of B zuelchii, because no specific immune bodies were 
produced m their serums 

33 Owings, J C , and McIntosh, C A Perfnngens Antitoxin and Experi- 
mental Intestinal Obstruction, Arch Surg 18 2237 (June) 1929 

34 Bull and Pritchett (footnote 17, second reference) 

35 Braeye, L On the Formation of the Toxic Fluid Found m Isolated 
Duodeno- Jejunal Loops, Bui' Johns Hopkins Hosp 39 121, 1926 
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In each ot these resected loops theie was a marked thickening of 
the connectne tissue and muscular elements in their walls This is 
evidence of the increased pressure within the loop Furthermore, if the 
pressure u ithin the loop had not been increased, no elongation or dila- 
tion of the loop would have occurred The mucosa was not grossh 
injured, but its physiologic function Avas impaired for absorption of the 
lethal substances of the loop content had occurred, producing the gradual 
intoxication of the animals 

Because the toxin of B ■welchn has a powerful effect on muscle 
tissue, Williams ® expressed the opinion that the paraljsis of the intes- 
tine in paralytic ileus might be due in part to the toxin of B welchn 
in the contents to aa hich the intestinal Avail is exposed m greatest con- 
centration The attiactiA’-eness of this idea is enhanced b}’- the studies 
of Buttle and TreA'-an The\ noted the effect of the toxin of B 
zvclchii on strips of the isolated small intestine of the rabbit, suspended 
in a bath containing 15 cc of Ringer’s solution at 37 C through Avhich 
air or oxjgen AA'^ere bubbled Spontaneous moAements of the strips of 
muscle occurred The addition of the toxin of B zvelchn in sufficient 
amounts to the Ringer’s solution in the bath caused a spasmodic con- 
traction of the muscle Then a diminution m the size of the spon- 
taneous contractions occurred until the} complete!}" ceased The 
preAious addition of the antitoxin to the bath prerented the effect of 
the toxin Theie is nothing in these studies to indicate that a sufficient 
quantity of the toxin of B welchn is present to produce a similar reac- 
tion in the obsti ucted boA\ el 


CONCLUSIOXS 

1 Dogs suffering from a toxemia caused b} acute intestinal obstruc- 
tion aie not helped b} passiA^e or actn^e immunization to the toxins of 
B xvelchn 

2 Dogs AVith acute intestinal obstruction produce no immune bodies 
for such toxins 

3 Theie is no CAidence ot the presence of the toxin of B welchn 
in the abdominal transudate or m serums of blood from the mesenteric 
A"ems of dogs Avith acute intestinal obstruction 

4 A method is suggested aa hereby the toxin of B zvclchn ma} be 
used for experimental studies of the routes of absorption of toxins from 
obstructed portions of the boAvel 

5 There is no direct or indirect eridence that toxins of B zeelchn 
haA'e any role in the toxemia of acute intestinal obstruction 

902 Hume-2ilansur Building 

36 Buttle, G A. H , and Tre\an T \V The Action of Vibnon Septiquc 
and B Welchn Toxin on Isolated Organs Brit T Exper Path 9 182 1928 



CONTINUOUS INTRAVENOUS INJECTION OF DEXTROSE 
IN RINGER’S SOLUTION 

ITS TECHNIC AND INDICATIONS, AND A NEW 
INTRAVENOUS CANNULA 

T SHELTON HORSLEY, AID 

AND 

GUY W HORSLEY, AI D 

RICHMOND, \A 

In certain casej, the advantages of supplying by other than the oral 
route not only watei and the electrol}'tes of the blood, but caloric values, 
have become moie and more obvious Various modes of doing this 
have been much discussed ^ Undei conditions approximately normal, 
the administration of food water and the necessar}'^ salts by mouth is 
sufficient, but in man}^ diseases and particularly in surgical cases, tins 
route alone is unsatisfactor 3 L either because the stomach and intestines 
will not absorb a sufficient amount of nutrition and water, or because 
physiologic lest of these organs is indicated 

McNealy - and McNealv and Willems ® have shown that dextrose is 
apparentl} not absorbed by the colon, though salt solution is taken up 
more lapidly by the colon than by the ileum They believe that the dex- 
trose in enemas of dextrose solution is absorbed onl}^ if the ileocecal 
^alve IS incompetent and the dextiose is foiced into the ileum, which 
doubtless sometimes occurs A concentrated solution of dextiose as an 
enema is irntating and even the isotonic 5 pei cent solution may be 
hioken down into irritating products by the bacteiia in the colon 

Matas, m 1924 adA'^ocated the use of what he called a “continuous 
intraA'^enous drip ” giving 5 per cent solution of dextrose in distilled 
watei into a A^ein over a peiiod of seveial da}s 

Submitted for publication, June 9, 1930 

From the Surgical Department of St Elizabeth s Hospital 

1 Horsle^ J Shelton The Influence of Physiologic Research on Alodern 
Surgerr Virginia AI Alonthlj'’ 55 790, 1929, The Intravenous Administration of 
Dextrose in Ringers Solution J Tennessee AI A 23 169 1930 

2 AIcNeah, R W Personal communication, Feb 8 1930 

3 AIcNealy R W, and Willems, T D The Absorption of Glucose from 
the Colon, Surg Grnec Obst 49 794, 1929 

4 Alatas, R Continued Intravenous “Drip ” w ith Remarks on the Value of 
Continued Gastric Drainage and Irrigation bv Nasal Intubation with Gastro- 
Duodenal Tube (Jute) in Surgical Practice Ann Surg 79 643 1924 
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Fig 1 — The buret, tube, thumb screw clamp spring clamp, metal nipple, 
cannula and hypodermic needle, assembled for intravenous administration of 
dextrose in Ringer’s solution The cannula is the only thing in the group that is 
original A glass tube connection is placed at the end of the long rubber tube 
connecting it with a shorter segment of rubber tube In this wa^ it can be 
observed whether blood is flowing back into the rubber tube or whether there are 
air bubbles, and in the short segment of tube the nipple is tied 
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TECHNIC 

Adopting the method of j\fntas as a principle, we have modified the technic 
somewhat by using a buret 54 cm long m which 100 cc of fluid is contained m 
9 2 cm of the length of the buret (fig 1) The flow can be regulated by a screv 
clamp from 75 cc an hour up to as much as it may be necessary to give quickly 
when shock occurs In this way the danger of the entrance of air into the vein 
IS largely obviated, while a constant rate of flow is maintained 

The rubber tubing should be boiled, stretched and twisted or beaten before 
and after being boiled, and sterile water run through it, in order to remove 
deposits that ma}’^ cause a reaction New rubber tubing is boiled for an hour in 
strong solution of soda, rinsed m running water and then boiled for an hour 
in tap water At the end of the tube is a small connecting tip or metal adapter 
(or nipple) which fits into the h 3 'podermic needle of a Liier syringe A glass 
tube IS inserted near the end of the rubber tube (fig 1) 

All glass used m preparing the solution is pyrex, and new glass is thoroughly 
V ashed before using 

To the 5 per cent isotonic solution of dextrose of Matas, we add Ringer’s 
solution After two da}’^s the vein becomes tender, and usually by that time the 
patient has had sufficient amount of the solution for immediate needs It is best 
then, after two or three da 3 's, to remove the intravenous cannula and give the 



Fig 2 — A shows the intravenous cannula Note the oblique opening at the 
tip, which makes it easy to insert B is the metal nipple or adjuster that is tied 
in the tube and fits into the base of the cannula or hypodermic needle 


patient a rest for a day or two, when another vein may be utilized if necessaiy 
In patients with large, accessible veins, and when the indications for giving the 
solution are for not more than ten or twelve hours, a hypodermic needle is 
satisfactory for the intravenous administration For this ve use a no 20 gage, 
stainless steel needle, V/z inches (3 7 cm ) long 

We have devised a cannula which is emplo 3 ^ed when the solution is to be 
given for more than ten or twelve hours This cannula measures 5 6 cm in 
length and has at its tip an oblique opening that permits it to be introduced into 
the vein as easily as a grooved director (fig 2) Its lumen is large and clear 
throughout, which lessens the chances of its being stopped up The base of the 
cannula is ground to fit an ordinary Luer S 3 ’^ringe, so by merely disconnecting the 
metal adapter or nipple on the tube through which the intravenous solution flows 
the cannula is at once available for transfusion of blood by the syringe method 
After the transfusion, the adapter may again be inserted into the cannula, and 
the dextrose and Ringer’s solution can be continued 

The adA^antages of Ringer’s solution Avere demonstrated Ringer 
himself Avhen he first used physiologic solution of sodium chloride for 
maintaining the isolated heart of a frog or a turtle and found that 
after this solution had become almost ineffectn’-e the addition of a small 
amount of calcium Avould cause marked contraction Ringer’s solution 
contains 0 7 per cent sodium chloride, 0 03 per cent potassium chloride 
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and 0 025 per cent calcium chloride in distilled water It has the 
mineral elements of the plasma of the blood (sodium chloride, potassium 
chloiide and calcium) m approximate!} the same ratio as found in the 
blood serum Potassium seems to cause a relaxation of the heart muscle 
and calcium contraction 

Calcium not only tends to stimulate the heart, but in such amounts 
as m Ringer’s solution is not injurious to the subcutaneous tissues In 
one patient in ivhom this solution \\ as used, the needle slipped from the 
vein and theie was a considerable amount of infiltration in the tissues 
of the foiearm, but on withdrarvmg the needle the solution ivas readily 
absorbed w ithout any ill effects Ringer’s solution may be employed for 
hypodermoclysis Of course, greater concentrations of calcium are rer\ 
irritating to subcutaneous tissues If there is an indication for increas- 
ing the calcium in the blood, as in slow clotting or in jaundice, additional 
calcium may be injected ivith a hypodermic S}nnge into the tube while 
the dextrose and Ringer’s solution are flowing This is better than 
pouring It into the buret, for when injected it is quickh washed out of 
the vein 

Calcium also retards the passage of fluids from the rasculai srstem 
by decreasing the permeability of the blood and lymph vessels ® If too 
strong, its effects in this respect may be deleterious, particularly to the 
function of the kidneys, but in the strength m Ringer’s solution, this 
tendency of calcium to hold the solution in the vascular system is helpful 
in shock, aside from the stimulating effect of calcium on the heart 

Five per cent dextrose is approximate!} an isotonic solution, and 
while this can usually be utilized by the tissues, it is advisable in a 
weakened patient to add some insulin, about half of the amount neces- 
sar} for the complete comersion of the dextrose We inject into the 
tube 10 units of insulin for every 500 cc of dextrose in Ringer’s solu- 
tion as the solution is flowing The use of insulin w'lth dextrose 
solution gnen intravenous!}' has been advocated b} Ort® Thalhimer," 
Fishei and Snell.® Andrews and Reuterskiold,® and others 

Dextrose found on the market in bulk is not chemically pure While 
it ma} be labeled “chemicalh pure quality,” a glance at the printed 
anal} sis will show' some impurities that ma}' cause a reaction The 

^ Sollmann Torald ^Manual of Pharmacologi , ed 2, Philadelphia \Y B 
Saunders Compani 1922 p 795 

6 Ort if Treatment of Post-Operatn e A.adosis b\ ^^eans of Insulin, 
\rch franco-beiges de chir 27 994 1924 

7 Thalhimer, W Insulin Treatment of Postoperatne (Xondiabetic) 
Acidosis J A M \ 81 383 (Aug 4) 1923 

8 Tislicr, D and Snell F The Insulin Treatment of Preoperatne and 
Postoperatne Xondiabetic Acidosis, J A M A 82 699 (Alarch D 1924 

9 Andrews, Edmund and Reuterskiold Knute Dangers m the Postopera- 
tne L se of Insulin Surg Ginec Obst 47 663 1928 
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dextrose solution in ampules seems to be puiified to such an extent that 
It IS much less likely to cause a leaction 

Ringei’s solution may be made from tablets and fieshly distilled 
watei, and the dextrose added later However, we have had piepaied 
an ampule which is much more convenient and the puiity of which 
seems to be satisfactory The ampule contains 100 cc of a solution of 
dextrose and Ringei’s solution in such a concentration that when added 
to 400 cc of freshly distilled watei a solution of 500 cc of 5 pei cent 
dextrose and noimal Ringei’s solution results The contents of an 
ampule are pouied into a flask, 400 cc of freshly distilled watei is 
added, the flask is shaken and the solution is leady for use In what- 
evei way the solution is prepared, freshly distilled watei — ceitainly not 
more than twent 3 '’-four hours old — should be used 

Precautions as for any intravenous admmistiation should be taken 
m expelling the air as far as possible fiom the tube If a hypodermic 
needle is used, it is introduced attached to a syringe, which is half 
filled with physiologic solution of sodium chloride, and when blood is 
drawn back freely into the syringe, showing that the needle is in the 
vein, the constriction on the arm is released, the needle is stiapped in 
position with adhesive plaster, the syringe is detached, and the connecting 
nipple m the rubber tube from the buiet is attached to the hypodermic 
needle with the solution flowing When the cannula is used, a shoit 
incision, usually transveise, is made ovei one of the laige veins just 
below the bend of the elbow, and the cannula is inserted in the usual 
manner It may he inserted while connected with a syringe, as with 
the hypodermic needle, though this is not essential , it would prevent, 
however, reflux of blood into the cannula if the clamp on the vein 
should become displaced, and so render clotting in the cannula less likely 
to occui 

It is impoitant to see that there is a constant flow thiough the 
cannula If it becomes plugged, the flow ma}'- sometimes be leestab- 
hshed by elevation of the buret, which increases the pressuie, if this 
does not open the cannula, the connecting nipple is detached and the 
clot loosened with a prohe and sucked out with a syringe If the 
obstruction is due to clotting in the vein, the cannula should be removed 
and inserted elsewhere 

We now use the ampule of prepared concentrated dextiose and 
Ringer’s solution, but of course the Ringer’s solution ma} be made 
sepal ately and an ampule of dextrose added later, or the Ringer’s solu- 
tion may be used alone if there is a contraindication for dextrose as 
m diabetic patients If tablets for Ringer’s solution are used a suf- 
ficient amount is thoroughly dissolved in 50 cc of distilled water and 
this solution is filtered through three thicknesses of fine white silk 
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cloth, ubuig glass funnels only New cloth is always thorouglil} washed 
befoie using The 50 cc of solution is added to 1,950 cc of distilled 
water, making 2,000 cc , which is boiled slowly for ten oi fifteen 
minutes The solution is dated and should not be used if oier twent}- 
four hours old 

The late of flow is regulated by a thumb sciew clamp Hot water 
bottles are hung around the buret and over the tube, though it is 
probably not so important to maintain accuiately the tempeiature of 
the solution as was formerly thought The small amount of fluid 
entering the body cannot affect its tempeiature greatly if there is a 
vaiiation of only a few degrees 

For patients who aie edematous or whose lenal tunction is gieatl) 
impaired, salts should not be used In such instances, 5 per cent 
dextrose alone may be admmisteied When the function of the kidneys 
is maikedly affected, the strength of the dextrose can be increased to 
10, 15 or 20 pel cent The giving of a veiy concentrated dextrose solu- 
tion, however, may not be entirely without dangei Certainly it causes a 
marked irritation of the vein and draws fluid rapidlj from the tissues 
Higher concentiations, such as 20 per cent oi more, should be given 
lather quickly 

The rate at which the intravenous flow of dextiose and Ringer’s 
solution should be maintained depends entirely on the conditions In 
hemorrhage or shock, it should be rapid enough to secure almost a noi- 
nial blood pressure within a short time In shock, when the blood 
pressure is low, it is impossible to overload the heart until the blood 
pressure has approximated what is normal foi that individual The 
lumen of the cannula will permit a rapid flow, and as much as 400 oi 
500 cc of the fluid can be given in a few minutes, until the lilood 
pressure is within ten oi fifteen points of the patient’s normal pressure 
then It IS cut down to a rate of 150 or 200 cc an hour and maintained 
until the clinical condition is satisfactory When hemorrhage is marked 
01 after shock has been well established, dextrose m Ringer’s solution 
may not be entirely eflfectue, but it can be utilized until a donor is 
secured for a transfusion of blood It is much better for the patient 
to have the blood pressure kept up even temporaril) by a solution that 
contains no abnormal constituents of the blood than to have a maiked 
drop m blood pressure continue over some time with its subsequent 
deleterious effect on the brain, kidneys and Mtal organs 

For other conditions than shock or hemorrhage the solution should 
be given at a rate of from 75 to 200 cc per hour 

When the hemoglobin is below 45 or 50 per cent the oxigen- 
cairi'ing powder of the blood is great!}' affected and e\en though dextrose 
m Ringer’s solution is beneficial it would doubtless be better to gne 
a transfusion of blood and then continue the solution 
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In spinal anesthesia theie is often a marked drop in blood piessiiie 
We make a practice of beginning mtiavenous injection of dextrose in 
Ringei’s solution immediately after the spinal anesthesia, and befoie 
the opeiation is commenced Eithei a needle or a cannula can be 
used, depending on the conditions If it is to be a long operation, 
particulaily if it is resection of the stomach with the indications for 
supplying nutiition, water and the electroljdes for some days, or if there 
IS the possibility of the needle becoming obstructed, a cannula is inseited 
If the blood piessuie begins to fall, the clamp on the tube is opened 
widely and a small amount of epinephrine solution is injected into the 
tube with a hypodeimic sjiinge while the solution is running This will 
<juickly bring the blood j^iessuie up several points, where it can usually 
be maintained 

When theie is much vomiting, as in intestinal obstruction, the 
dexti ose and Ringer’s solution should be given, and an additional 
amount of sodium chloiide may be added as lecommended by Haden 
and On \j 

In the loss of pancreatic juice, as with a duodenal fistula, or in 
obstructive vomiting when the pancreatic juice is regurgitated into the 
stomach, this solution is very effective In malnutrition or after opei- 
ations in which it is desirable to give rest for the stomach and intestinal 
tract, the continuous administration of dextrose and Ringer’s solution 
IS indicated In the vomiting of pregnancy it is beneficial In peritonitis 
and sepsis, it is very satisfactory In diarrhea and dysentery, when 
there is marked dehydration, it is excellent In toxic goiter and hypei- 
thyroidism, it acts as a buffer for the tissues that are burned up by the 
increased metabolism, and in this way the tissues are protected from 
excessive oxidation, so it is indicated aftei operations for hypei- 
thyroidism 

One giam of dextrose equals 3 75 calories, so in giving 3,600 cc of 
a 5 per cent solution of dextrose m twenty-four hours, at the rate of 
150 cc an hour, we supply 675 calories It is obvious that this puts 
the patient in a better condition, even though the calories are not up to 
normal, than if he were not absorbing nutntion, or if it were attempted 
to force nutiition through the bowel, the function of which was impaired 
fiom weakness or from the operation 

In patients who are vomiting or who have fistulous openings or 
diarrhea, the discharge of body fluids is a kind of safety valve, and more 
of the solution may be given than if these conditions were not present 
If the patient is thin and the blood pressure high, the solution should 
be used with caution When laige quantities of this or of am 

10 Haden, R L , and Orr, T G Use of Sodium Chloride in the Treatment 
of Intestinal Obstruction, T A, M A. 82 1515 (May 10) 1924 
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iiiliavenous solution aie gnen foi sevcial days, “walei sickness” some- 
times appears It comes on giadtiall), the early S3mptoms being puffi- 
ness of the lower eyelids, watering of the eyes and \ omiting of clear oi 
bile-stamed fluid Discontinuance of the solution is quickl) followed 
liy disappearance of the symptoms 

The administration of this dextrose and Ringer’s solution often 
permits operations such as excision of the rectum to be done m one 
stage instead of in two or more B}' keeping the solution flowing 
slowly and turning on moie rvhen the blood pressuic becomes lowxi, 
the operation can usuall}’^ be completed in one stage The adiautagcs 
of lemoviiig all of a cancer in one stage as a block dissection instead 
of in two stages are obvious If at the end of the piocedure the patient 
still shows symptoms of shock, a transfusion of blood can be done, and 
the dextrose and Ringer’s solution can be continued 

We have practiced the general principles of the technic herein 
described for about six years, beginning soon after the publication of the 
paper by Matas ^ It has been employed in about 750 cases The 
reactions have been few% and in the past tw'o years since using the 
purified dextrose m ampules there hare been only three or four reactions 
that could be attributed to the intravenous injection and these hare not 
been follorvcd by bad effects 



THE FATE OF THE CORTICAL BONE GRAFT 
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Although many tissues of the body are commonly tiansplanted and 
iccognized to letain their laabilitj^ and regeneiative jiovver, compaiatively 
little IS known of the histogenetic propeities m transplanted bone 

The object of this senes of expeiiments was an attempt to deter- 
mine whether autoplastic cortical bone when grafted into cortical bone 
in its noimal lelationship becomes a living integial part of the skeleton 
or whether it simply acts as a temporary scaftold for the deposit of new 
bone cells that fills in the defect with new bone 

By micioscopic examination alone it is impossible to determine 
whethei the transplant has lived m bulk or whethei it has died and 
sensed onlj'' as a fiamewoik for the deposit of new bone 

In botaii}, wheie plant life easily lends itself to this variety of 
expenmentatioii, it is positively plo^ed in tree grafting that the graft 
lives in bulk, glows and produces limb and fiuit of the variety of the 
giaft Why should not a bone graft live and grow in the human 
skeleton m a similar manner^ 

Foi this series of experiments advantage was taken of the fact that 
in an animal fed on a diet containing sodium alizarin sulphonate 
(sjaithetic madder loot dj^e) all new bone developed while the dye 
is being admimsteied is coloied “madder red,” while the bone formed 
befoie the dj'^e is given lemains the natuial coloi This makes a striking 
distinction in the coloi of the bone developing fiom a definite^ fixed 
time 

To get the control in color, two animals weie used for each expeii- 
ment To have the transplantation as neail} autoplastic as possible, two 
pups from the same litter weie used in each expeiiment 

The first pup vas given a small amount of alizarin in its food, 
beginning as soon as it ivas weaned, so that its skeleton would be veil 
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colored at the time of the transplantation of the graft The d}e \\as 
continued in its food after the transplantation of the graft until the 
animal was killed 

The second pup was given ordinary diet without d}e, both before 
and after the transplantation of the graft 

The scheme of the investigation was as follows 

1 If on exposure of the area of transplantation on the Ining animal 
and removal of the periosteum under ether, the graft w as demonstrable 
and oozed blood freely from its surface, then it evidently vas Inmg 
bone 

2 If in the dog the skeleton of which was dyed, an und}ed trans- 
plant was giafted and the djeing process continued for a period long 
enough for any metamorphosis m the graft to be completed, and on 
exposure of the graft it was found to hare onl} a ver} faint tinge of 
pink, such as nould be produced by the natural increase of new bone 
cells in a }Oung dog, and if this graft rvas entirely surrounded hr dark 
red bone, then evidentl} the graft as transplanted had practicall} become 
an integral part of the skeleton of its host 

3 Alizarin has the specific action of dyeing de\ eloping bone cells 
When a bone cell reaches maturity, the d}eing process ceases, the cell 
becomes calcified, and the pigment is sealed in The color remains per- 
manent during the life of the bone cell At the death of the bone cell 
the mineral salts are absorbed, the pigment is liberated and dissipated, 
and the color disappears Therefore, if m the dog wuth an und\ed 
skeleton a d) ed transplant was grafted and no alizarin was given aftei 
transplantation, and the life of the animal was preserved for a sufficient 
length of time for any metamorphosis in the graft to be completed , and 
it on exposure of the graft, it was found to consist of dark red bone 
entirely surrounded by natural colored bone, evidently the graft colored 
as transplanted w^as living bone and had become an integral part of the 
skeleton of its host 

Throughout the experiments, onh }Oung healthy dogs were used, 
and all features of modern aseptic surgery w ere obseri ed The animals 
used w^ere m the growing age, and transplantation w^as done onh m 
those from the same litter 

EXPERIMENTAL PROCEDURE 

The experimental procedure and histogenetic obser\ations noted 
were as follow s 

Experiment 1 (dog 1) — This dog was fed ali7arm for si\t\ da\s \t thi? 
time a transplant from the cortical la\cr of the frontal hone 1 b\ 2 cm wa-. 
remo\ed and interchanged with similar bone from dog 2, which had rcccntd no 
alizarin m its diet Alizarin was continued for 250 da\s alter the initial operation 
then the animal was operated on again 
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It was anesthetized with ether, and the area of original operation exposed Ah 
flesh and periosteum were removed 

The graft was apparent as an area of natural colored bone surrounded by dark 
red bone There were minute bleeding points evenly distributed over the entire 
surface of the’ graft 

After observation of the graft and surrounding bone m the living dog, it was 
killed The part of the skull containing the transplant was removed and imme- 
diately examined It showed an inset of natural colored bone, of the size, shape 
and thickness of the transplant and, surrounded by dark red bone, grafted to the 
surrounding bone The cortical bone at the edge of the graft and the cancellous 
bone underneath it were dyed dark red There was a sharp line of distinction 
in color between the graft and the surrounding bone 

On close inspection of the cut surface of the transplant a very faint tinge of 
pink was seen, showing that there had been the natural growth of new bone cells 
in the graft after transplantation 

Experiment 1 (dog 2) — This dog received the regular diet without alizarin 
A transplant from the cortical layer of the frontal bone, 1 by 2 cm , was removed 
and interchanged with similar bone from dog 1, which had received alizarin 
for sixty days prior to operation The diet was continued as before operation 
This dog was operated on again 254 days after the first operation The dog was 
anesthetized with ether, and the area of original operation was exposed All flesh 
and periosteum were removed 

The graft was apparent as a dark red area surrounded by natural colored bone 
There were minute bleeding points evenly distributed over the entire surface of 
the graft 

After examination of the graft and surrounding bone in the living dog, it 

was killed The part of the skull containing the transplant was removed and 

immediately examined The graft was apparent as an inset of dark red bone, 
of the size, shape and thickness of the transplant, surrounded by bone of natural 
color A cross-section of the transplant showed it to be well grafted to the sur- 
rounding bone There was a sharp line of distinction in color between the graft 

and the surrounding bone 

Experiment 2 (dog 3) — ^This dog was given alizarin for seventy-two days 
At the end of this period a transplant from the cortical layer of the frontal bone 
was removed and interchanged with bone of similar location and dimensions from 
dog 4, which had received no alizarin The diet containing alizarin was continued 
for 249 days, when it was operated on and killed 

The observations at operation and examination of the specimen were in detail 
as those found in dog 1, in the previous experiment 

Experiment 2 (dog 4) — This dog was not given alizarin A transplant from 
the cortical layer of the frontal bone was interchanged with one from dog 3 The 
animal was operated on and killed after 249 dajs 

The observations at operation and examination of the specimen were in detai 
as those found m dog 2, m the previous experiment 

Experiment 3 (dog 5) —This dog was fed alizarin for eighty-three days A 
transplant from the cortical la 3 'er of the frontal bone was interchanged wuth one 
from dog 6, which had received no alizarin The alizarin was continued for 300 
days, after which the animal was operated on and killed 

The observations w^ere m detail as those m dogs 1 and 3 m the previous 
experiments 




Fig 1 '(dog 1) — -i shows graft as an inset of bone of natural color in i ticl<’ 
ot ched bone, after 250 da^s B, a cross-section through tlie specimen 

Fig 2 (dog 3) — Graft as an inset ol bone of natural color ni i 'icld <0 •' co 
!)onc, alter 249 dajs 

Fig 3 (dog 5) — Graft as an inset 01 bone oi natural color 111 1 icld "i • ' 

! OIK ifter 300 da^s 
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Experiment 3 (dog 6) — This dog was not given alizarin A transplant from 
the cortical la\er of the frontal bone was interchanged with one from dog 5 The 
animal w'as operated on and killed after 300 dajs 

The observations at operation and examination of the specimen were in detail 
as those found in dogs 2 and 4 m the previous experiments 

SUMMARY 

Fiom this senes of expeiiments it is om opinion that an autoplastic 
cortical bone graft transplanted aseptically into cortical bone with per- 
fect mechanical adaptation and fixation will heal by primar}'^ intention, 
with pieservation of the vitalitj’ of the graft 
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In December, 1928,^ we reported befoie this association, sixty-one 
cases of tumor of the colon resected after the patients had had the 
benefit of coopeiative management of a medical and a suigical seivice 
Among the details of the tieatment, intrapei itoneal vaccination was con- 
sideied one of the essentials The sti iking reduction in moitality in 
this group ovei the control group, m which opeiation was peifoimed by 
the same surgeons under the same circumstances, inci eased our belief 
that this was an important detail in guarding against the peritonitis 
which is the customary cause of death in moie than half of these cases 

Our efforts to asceitam moie closely the merits of mtiapei itoneal 
vaccination, as applied clinically, were stimulated by the experimental 
woik of Herrmann^ in 1928 We carried this work forwaid and b) 
Oct 1, 1929, we had increased to 300 the senes of cases in which vac- 
cination and operation had been done In addition, we have been able 
to coi relate some expeiimental lesults obtained by Kellum ® working m 
Rosenow’s laboratory, which suggest that the mtioduction of a mixed 
vaccine of colon bacilli and streptococci has a very important bearing on 
moitality statistics by increasing the immunity to infection and thus 
laising the threshold of surgical safety 

Pei itoneal contamination has always been considered one of the 
most serious menaces to successful surgical treatment of the colon, and 
any agent which obviates peritonitis or militates against it is a highl) 
desirable adjunct to the surgeon’s aimamentanum It is evident that 
vaccine, as a single step, piobably would fail to accomplish satisfactoiy 
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lesults, and that jt must be combined with other cooperatne measures. 
The reasons foi peritonitis developing so frequently group themsehes 
mainly under three headings (1) the peculiar conformation ot the laige 
bowel, \\hich differs from the small intestine anatoinicall} and plnsi- 
ologically, (2) the increased permeability of the large hovel vhen 
attacked by malignant disease, due either to its peculiar stiuctuie or to 
mucosal injury produced by large ulcerating carcinomas, and (3) the 
general condition of the patient as evidenced b) the debilitated 
dehydrated and generally lowered resistance of patients vho haibor 
neoplasms 

The anatomic construction of the laige and the small intestinal canals^ 
differs considei abl) , and thereb\, in technical maneu\eis on the large 
bowel, influences aie bi ought to beai which do not pertain to the upper 
part of the gastro-intestinal tract The musculature of the laige bowel 
is markedly thinnei than that of the small intestine, and the tunica 
piopiia, which IS beneath the endothelial layer and which contains 
lymphatic channels as well as blood Aessels, is frequentl) leplaced b\ fat 
The powerful peiistaltic action of the large bow’^el, w^hich noimalK is 
gi eater than that of the small intestine, likewise increases the strain on 
sutuie lines, with occasional concomitant leakage and abscess foimation 
or peritonitis The inconstant blood suppl} of the large bowel and the 
occasionally independable anastomosis betw een the arcs, hkew ise is some- 
times a factor in causing a spot of lowered resistance which ma\ result 
in contamination These anatomic factors, plus the inci eased per- 
meability of the large bow^el undei obstructne conditions, beai a direct 
1 elation to contamination Gnen a slow', encroaching giowth which 
enciicles the lumen of the laige bowel and stenoses it giadualh, one 
finds inci eased peristalsis as the resistance progresses, and a gieatei 
attempt on the part of the intestine to empty itself If this occurs in the 
piesence of an ulcerating and fungating neoplasm, the infection is much 
moie leadih spread to the adjacent tissues and is indeed demonstrable 
in peiitoneal tissues at a considerable distance from the original giowth 
The mucosal injui*} and the stenosis at the site of the growth are the 
two factors w'hich increase peimeabilit} and spread contamination 
Neithei factoi alone is sufficient, but the combination as it is usuall\ 
found in cases of malignant growths of the colon is a constant and 
necessarj factor m subsequent infections We ha^e a fixed idea that 
iiianipulation ol colonic giowths with spreading of the peritonea] infec- 
tion ahcad\ piesent is a greatei souicc of potential dangei than leakage 
at the suture line oi other technical lactors which ‘•o olten arc blinitd for 
failuies in operations 

Recenlh we haie made cultures from eighteen m'’]’gnaiu colonic 
lesions immediateh aftei their extirpation and the results obt'^ioef =ecm 
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to bear out the asseitions made lelative to the infection m the peritoneal 
tissues in immediate juxtaposition to the growth The tumor was 
removed by surgical resection under the strictest aseptic precautions , the 
peritoneal surface was immediately seared with a hot spatula after the 
usual method of searing tissues for culture A sterile Pasteur pipet was 
inserted just under the serosa of the tumor and another just into the 
outer edge of the tumor, mateiial was aspirated and immediately trans- 
ferred to dextrose-brain broth (Rosenow’s medium) and shake cultures 
were made with blood agar The lesions of the bowel from which cultures 
were made included carcinomas of the cecum, ascending colon, hepatic 
flexure, splenic flexure, descending colon, lectosigmoid and rectum In 
cultures of thirteen lesions, only short-chained, gieen-producmg stiepto- 
cocci and colon bacilli grew , in cultures of three lesions, no bacteria grew , 
in cultures of one lesion only, giam-negative bacilli resembling colon 
bacilli grew, and in another, staphylococci, and gi am-negative and large 
gram-positive bacilli giew Thus, it is seen that in 72 per cent of the 
lesions cultuied, only green-pi oducing stieptococci and colon bacilli grew, 
in 17 per cent no bacteiia grew, and cultures of the other 11 per cent 
were indeteiminate This would ceitainly suggest that the vastly pre- 
dominating bacteiia in and aiound malignant lesions of the colon are 
streptococci and colon bacilli 

That the visceral peiitoneum acts piotectively against these organ- 
isms IS further suggested by the following facts Similar culture medi- 
ums to those which have been described, inoculated from material 
obtained from thirteen patients in whom the serosa ovei the tumor was 
cultured by swabbing with a sterile cotton swab immediately after open- 
ing the abdomen and exposing the tumor, remained sterile in most 
instances Staphylococci, large gi am-positive bacilli, diphtheroid organ- 
isms and indifferent streptococci, obviously of no significance, grew in a 
few instances 

With the knowledge that streptococci and colon bacilli aie the chief 
offenders in and aiound malignant colonic lesions, and owing to the 
fact that the visceral peritoneum acts protectively, it would seem of 
vital importance to establish a specific oi nonspecific lelationship between 
intraperitoneal vaccination and the mechanism of its protection At first 
thought, we would say theie is specific local and possibly also general 
immunity against tlie two chief offending bacteiia This view must be 
maintained unless verj' positive and com incing proof is brought forth to 
the contrary 

The work of Morton^ suggests that vaiious substances can be used 
to immunize the patient intrapentoneally against lethal doses of hemo- 

4 Morton, H B Nonspecific Peritoneal Immunization, Proc Staff Meet, 
Mavo CIm 4 209 (Juh) 1929 
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lytic streptococci He used bacterial filtrates, dextrose and a ph} siologic 
solution of sodium chloride and found stimulation of peritoneal defense 
with all He also noted that the meclianism of such local immunity was 
by local peritoneal irritation, which called forth numerous macrophage 
cells, and phagocytosis of the hemolytic streptococci %\as carried on by 
these However, the number of his animals was too small to allow of 
the conclusion that these nonspecific substances would serve as well as 
the vaccine produced from the organisms which seemed to be at least 

111 part responsible for the etiology of peritonitis in human beings 

« 

An outstanding detail of Morton’s studies is the fact that some 
immunit)’^ can be produced in twenty-four or forty-eight hours, but 
much greatei and more nearly complete immunity results from periodic 
injections ovei a peiiod of six days It would seem, then, that if 
enough rabbits vere given injections of such substances as the strepto- 
coccus-colon bacillus vaccine, dead tj'^phoid bacilli or milk and dextrose 
if their omentums were sectioned and the pentoneal exudate studied 
for degree and extent of phagocytosis, and if animals were protected 
by these methods and then similar lethal doses of living stieptococci and 
colon bacilli weie injected into each and their peritoneal cavities and 
the degree of reaction studied, and if agglutinins could be demonstialed 
in the blood of these rabbits, the problem of what form of immunizing 
agent it would be best to use should be answered Furthermore, aftei 
lesection, a comparison of specimens of omentums or colonic mesenteries 
of patients who had had vaccine and those who had not, might give 
definite cle\Ys as to the nature of the mechanism of peritoneal immumtN 
in the human being A large senes of freshly resected malignant lesions 
from patients who had had vaccine and from those who had been oper- 
ated on without ^acclne was studied for cellular infiltration in and about 
the tumoi Only the usual l}mphocytic infiltration occurred It vas 
evident, theiefore, that if any change was to be seen in the vaccinated 
and nonvaccinated patients, sections of omentum oi mesenterj distant 
fiom the malignant lesion should be studied A collection of such 
specimens is being made, and a study of animals along similar lines is 
being earned out All of the reagents produced leukocjtosis in rabbits 
The leukocytosis trom the streptococcus-colon bacillus vaccine is bj fai 
the most maiked There was no gross evidence of peritoneal reaction 
in any of the rabbits which received whole autocla^ed milk In onh 
one of those w'hich recened dead t\phoid bacilli was there an\ gro^-s 
evidence of pentoneal reaction In 75 per cent of the rabbits winch 
received the streptococcus-colon bacillus ^acclne there was gross c\i- 
dence of pentoneal irritation in the form of exudation of material grossK 
resembling fibrin 

Into fi\e series of rabbits (tour in each series) were iniected inn.*- 
pciitonealK after the methods described ekev here antipcritomti': \rc 
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■cine, whole autoclaved milk, suspensions of killed typhoid bacilli like 
those used for fevei therapy, hypei tonic dextrose solution, and sodium 
chloiide solution, respectively The four animals were killed twelve, 
twenty-foui, forty-eight and sevenfy-two hours, respectively, after injec- 
tion and It was noted that the cellulai infiltration both with polymoipho- 
uuclear leukocytes as well as maciophage cells of the onientums of the 
rabbits Avas gieatest m those which had had the antiperitonitis vaccine 
mixtuie of stieptococci and colon bacilli 

Other senes of rabbits, all of the same size and geneial appearance, 
and all seemingly in good health, weie given intraperitoneal injections 
of the same matenals vaccine of a mixture of streptococci and colon h 
bacilli, killed typhoid bacilli, hypertonic dextiose solution, sodium chlo- V 
iide solution and whole autoclaved milk The injections were made ^ 
according to methods desciibed by Heimann and found suitable as 
desciibed elsewhere, and foity-eight horns after the last intiaperitoncal 
injection laige doses of equal suspensions of living gi een-pi oducmg 
streptococci and colon bacilfi weie given 

All the rabbits that had the injections of milk died, half of the rabbits 
that had typhoid bacilli and half that had sodium chloride solution died, 
all with fulminating generalized fibnnopurulent peritonitis None of 
those that had been given antiperitonitis vaccine and none of those 
leceivmg dextrose died 

These expeiiments are being continued by adding to the numbeis 
of animals and varying the mteivals between injections The results 
will be repoited m detail by Kellum 

The experimental, as well as the clinical, evidence is in favor of 
lather tiansient peiitoneal immunity However, the intraperitoneal 
route of the injection is of vast importance As m animals, the most 
favorable time for resection seems to be forty-eight hours aftei the 
second mtrapei itoneal injection of the vaccine 

In seveial of the cases in which the patients died, vaccine was given 
in anticipation of resection, and then, because of local fixation or the 
situation of the lesion, only colostomy was performed Subsequently, 
it was thought that peihaps the vaccine from the first procedure would 
suffice, and lesection was undei taken without further vaccination 
Otheis, tieated similarly, had much seveier postopeiative courses than 
those who leceived vaccine in the routine way pieoperatively, that is. 


two and five da3’^s before resection 

It has become necessar}'’ or has seemed wise, occasionally, to operate 
on the patient within twenty-four hours after the administration of the 
vaccine, the peiitoneal injection and hyperemia in these instances have 
been notewoithy On several occasions the surgeon has thought of the 
possibilitv of colitis because of the hyperemia of the serosa of the colon , 
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this suggests the value of chawing the blood suppl} to these paits and 
with it, of couise, inci eased numbers of phagocytic t3"pes of cells 

The method of piepaiing the vaccine and its administration seem 
impoitant The oigamsms used for the vaccine are procuied from the 
pentoneal exudate m a case of peiitomtis The vaccine prepaied fiom 
the streptococci and colon bacilli so obtained is injected, in physiologic 
solution of sodium chloiide, with a dulled spinal punctme needle, into 
the pentoneal cavity 

Theie aie other important pieopeiative factois that make foi .i 
smoothei convalescence and lowei mortality late in these cases of malig- 
nant disease of the colon They include thoiough cleansing of tiie large 
intestine, and particulai Ij^ lelief from obstruction This has been accom- 
plished in various ways, including the giving of a residue-free diet con- 
sisting primarily of fiuit juices and cand} , up to 3,000 caloiies aie 
consumed m each period of twent}-foui hours Some laxative is gnen, 
and the colon is nrigated with physiologic solution of sodium chloiide 
twice daily At times this is best accomplished b} giving such iingations 
with the patient in the knee-chest position Occasionally, hot abdominal 
stupes and withholding of food bj mouth become necessai} Other 
measures of rehabilitation have included blood transfusions, contiol of 
carbohydrate metabolism and of uiinary dysfunction, prevention of 
infection of the uppei lespiiatoiy tract, and all other measuies of seem- 
ing impoitance in piepaiation ot a patient foi an extensive suigical 
maneuver Spinal anesthesia, also, holds a place of piimai} importance 
in any consideration of suigical proceduies on the colon Experimental 
laboratory and clinical experience with these cases suggests that mtia- 
peiitoneal vaccination is one of the most important steps in cooperative 
management of patients with malignant lesions of the colon 

The basis of this repoit is the 222 cases in which \accine vas gncn 
between Jan 1 and Oct 1, 1929, and fifty-eight cases m which opeiation 
was done in the couise of these months, foi similar conditions, and in 
which vaccine was not gu en 

A leview of the eleven deaths fiom peiitonitis, which occuired among 
the 222 patients opeiated on, suggests considciation of t\pes of opera- 
tions in cases included in this review 'Ihe patients operated on liad 
all forms of suigical maneiuei that are applied to llie colon at the Maid 
Clinic Mam of them, of couise underwent two’oi more major sur- 
gical pioceduies as m all the giaded resections Foi this reason, the 
small numbei ot eleien deaths from peritonitis is notcwortln The tab- 
ulation shows the tipes of disease and the surgical piocedurt'? attcmjncd 
in the eleven fatal cases 

Although these eleien cases include seieral in which the tisu d jiro- 
cedmes in opeiating on the colon at the Ma\o Clinic wcic 



104 


ARCHIVES OP SURGERY 


cases necessitating unusnal pioccduies aie also listed Some vci) exten- 
sive opeiations weie lequned in gieatly debilitated patients 

The fifty-eight patients with malignant lesions of the colon opeiated 
on during the same peiiod, who did not leceive vaccine, had lesions 
of similar situation and nature as those of the 222 who leceived vaccine 
Ot the fifty-eight patients, thirteen died of peritonitis, the operative 
procedures on the thirteen Included four abdominoperineal resections, 
one Mikulicz opeiation (fiist stage), one ileostomy, one cecostomy, one 
colostomy, one ileocolostomy, thiee posteiioi lesections of the lectum 
and one secondaiy lesection of a lesion of the left pait of the colon 


Smimaty of Eleven Cases of Peutonitxs 



Case Age 

Sec 

Tjpe and Situation Factors Relating 
of Lesion to Risk 

Anesthetic 

Surgical 

Procedure 

1* 

67 

M 

Carcinoma of 
rectum 

Age, peritoneum opened 
widely 

Regional, 

amytnlt 

Posterior resection 
after preliminary 
colostomy 

2 

GO 


Carcinoma of 

transverse 

colon 

Obesity, complete ob 
struction, abdominal 
stupes necessary, omen 
turn in ventral hernia, 
extensive operation 

Spinal 

Ileostomy and first 
stage of Mikulicz 

a 

70 

M 

Carcinoma of 
rectosigmoid 

Fixed tumor 'with ob 
struction, much manipu 
lation in determmmg 
possible operability 

Spin il 

Colostomy 

4 

74 

M 

Carcinoma 
graded 3 of 
lectosigmoid 

Age, high grade of 
malignancy, cxien 
sive operation 

Spinal 

Colostomy and 
anterior resection 

5 

4S 

P 

Carcinoma 
graded 3 of 
rectosigmoid 

High grade of malig 
nancy, lesion fixed and 
obstructive, obesity 
and hypertension 

Spinal 

Colostomy and 
interior resection 

G 

44 

il 

Carcinoma of 
rectosigmoid 

Fixation of lesion and 
soiling of field 

Regional, 

amytnl} 

Posterior resection 
liter preliminary 
colostomy 

7 

4S 

M. 

Lymphosarcoma, 
15 by 10 by 10 cm 
of ascending 
colon 

Local perforation of 
giouth two days before 
operation 

General 

Resection of right 
half of colon for 
perforated 
lesion 

St 

30 

M 

Carcinoma of 
transverse colon 

Obesity , loss of 35 
pounds m u eight in 
short time, hemoglobin 

36 per cent, mtussuscep 
tion of large lesion incor 
poratmg the stomach 

Spinal 

Colostomy 

9 

43 

ai 

Carcinoma of 
rectum 


Spinal 

Colostomy and 
combined abdonnno 
perineal resection 

10 

47 

M 

Carcinoma of 
rectosigmoid 


General 

Anterior rejection, 
lesion brought out 
as m Mikuhez end 
to side anastomosis 

11 

44 


Carcinoma 
graded 3 of 
transverse colon 

High grade of mahg 
nancy, rapid loss of 
weight, small bowel 
attacned to groutii 

Spinal 

Resection for ob 
struction, forced 
resection of part 
of small bond 


* OontnbutmB letlinl factor, cellulitis 
t Contributing lethal factor, bronchopneumonia 
j Iso am^lcth^l barbituric aeirl 
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COMMENT 

These studies emphasize the ^alue of preopeiatne piotection against 
peiitonitis 111 piocedures in which resection of parts of the laige intestine 
aie involved That the intiapeiitoneal vaccination is one of the majoi 
parts of oui pieparation is demonstiated b) the following facts In the 
same week the same suigeon has operated on two patients of the same 
geneial build and age and otheiwise oflfeimg a similar suigical iisk with 
lesions in identical situations, and has emplo)ed the same suigical 
maneuver, but one patient lecened vaccine and the other did not The 
fiist patient died within five oi sik days from geneiahzed pentonitis , the 
second made a smooth, uneventful lecoven Except foi the Aaccme 
the pieopeiatne measures in both cases Meie the same 

it has been amply demonstrated that protection against lethal peri- 
tonitis can be established in animals The lelativeh tiansient natine of 
such immunit} is notewoithy The time element between ^acclnatlon 
and operation is important The amount of Aaccine injected has less 
significance, but is impoitant The svstemic reaction of the patient is 
often modeiately se^ele, but enduies only a sboit period and is nc\er 
alaimmg 

That the logical pieventue leagent is a \accine piepaied from 
stieptococci and colon bacilli is suggested bj the predominant piesence 
of these oiganisms m the exudate in fatal cases of pentonitis and then 
Aast piedonnnance in and aiound malignant lesions ot the laige intestine 
Futuie expel imental woik and the method of tiial and enoi should 
establish the best leagent foi this mechanism of protection against peii- 
tonitis 



ILEOCECAL CYSTS 


EARLE DRENNEN, YD 

BIRMINGHAM, ALA. 

Cysts of the ileocecal legion constitute a definite pathologic and sur- 
gical entity That they aie enteiogenous developmental cysts, there 
can be no doubt While the nature of these cysts is now well undei- 
stood, the cause of then origin remains obscuie In many of the lowei 
animals, the ariangement of the cecal pouches is suggestive Ileocecal 
cysts aie laie A seaich of the hteiatuie yielded but twenty cases It 
IS evident, however, that many cases have been overlooked With a 
glowing appieciation of the condition, one may expect a maiked increase 
m the number of cases lepoited 

Cysts and diveiticula of the intestine appaiently escaped the notice 
of the older pathologists 

In the small intestine, diveiticula and cysts are found between the 
leaves of the mesentery, wheie the vessels pieice the wall of the intes- 
tine, leaving a point of lessened lesistance 

In the laige intestine the mucosal hernias oi diveiticula escape into 
the fatty appendices epiploicae, also a spot of lessened lesistance Owing 
to the fact that these diveiticula aie covered with fat, it is easy to undei- 
stand their being ovei looked Roentgen examination often leveals them 
when then presence has not been suspected About 5 pei cent of all 
loutine gastro-intestinal loentgen examinations show diveiticula 

In pig embryos fiom 6 to 14 mm long, diveiticula of the duodenum 
are found regularl}^ In slightly older pig embiyos dneiticula aie found 
thioughout the small intestine and occasionally m the cecum 

Cysts and diveiticula of the intestines aie m leality diffeient phases 
of the same process They lesult fiom the giowth of a bud or fiom 
a prolongation of epithelium which has pushed out into the mesenchyme 
The mesenchyme, as fai as the intestine is concerned, consists of all 
the other layers of the intestine except the epithelial or mucosal lining 
After the bud has pushed its way into the mesenchyme it becomes 
Amcuolated If an opening into the intestine is effected, a dn^eiticulum 
lesults , on the other hand, if the bud becomes separate, a c)^st is foimed 
The walls of these cysts always contain the elements of intestina 
structui e 

In this connection, it is unwise to speak of tiue and false cysts as 
all aie of similar origin, varying only in combinations of the different 
la}ers of the intestinal wall ivhich enter into their foimation 

Submitted for publication, April 28, 1930 
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It IS possible that some cysts aie foiined m a cliff eient manner To 
understand their oiigin bettei, one must foi a moment revert to the 
embiyologic development of the intestinal tube In human embryos, 
Tandlei found that a maiked prohfeiation of the duodenal mucosa 
begins about the thiitieth day, lesultmg m complete occlusion of the 
intestine on the forty-fifth day Then vacuoles begin to appear, and by 
the sixtieth day this lumen is again wide open 

The same process of epithelial prohfeiation and occlusion, with later 
canalization, occurs throughout the whole intestinal canal, but not with 
the great regulaiity seen in the duodenal segment 

Forssner maintained that congenital occlusions which peisist are 
from mesodeim Buds of mesodeim — ^joung valvulae conniventes — ■ 
push through the dense masses of epithelial cells which fill the lumen 
and meet similar buds from the opposite side They coalesce, thus form- 
ing a bridge or septum Canowaj^’s case seems to show this clearly 
In his case the lower end of the cecum, with the appendix opening into 
it, was completely shut off from the intestinal canal by such a septum 
Kreutei believes that such septums are foimed from the epithelial 
elements, which become tiansfoimed into connective tissue 

The diagnosis of ileocecal cysts and c}sts of the cecum is by no 
means easy In most cases in which the diagnosis is made pie- 
opeiatively, it can at best be only a shrewd guess Even with the 
abdomen open, the exact nature of the condition cannot always be told 
In some cases the final decision must await the microscope 

A movable tumor in the region of the cecum is suggestive If the 
patient is a child the probability of ileocecal cyst is increased, although 
advanced age b}^ no means excludes the condition 

A large percentage of the cases ha^e shown symptoms of acute oi 
recurring obstruction In two of the cases leported in the literature, and 
m one of mine, intussusception existed concomitantly Acute appen- 
dicitis has been the diagnosis in at least four of the cases reported At 
operation the diagnosis can usually be made if a knowledge of this 
pathologic condition exists 

Both patient and surgeon will faie veil if resection of the intestine 
IS done In no case has the attempt to enucleate the C3^st been 
successful I shall report thiee new cases 

REPORT OF CASES 

Case 1 — A child, aged 9 months, was admitted to the hospital with sj mptoms 
of acute intestinal obstruction 

Phj-sical examination shoved a tumor somewhat larger than a hen’s egg m 
the region of the cecum It could be moved shghtlj from side to side and was 
not tender 
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OpoaUon—A ng:ht rectus incision revealed a tumor connected with the 
mesial wall of the cecum and the terminal ileum The tumor was about 3 inches 
(7 6 cm ) long and 1 inch (2 5 cm ) by inches (3 77 cm ) in cross-section 
There were two grayish-white spots on the wall of the tumor As the lumen 
of the cecum was encroached on greatly, it was decided that resection should be 
performed Accordingly, about 2 inches (5 cm ) of the terminal ileum, together 
with the cecum and appendix and 3 inches of the ascending colon, were removed, 
and side to side anastomosis was done 

The child recovered and was living and well two and a half }^ears later The 
child IS now normal in all respects 

Pathologic Repot t (Dr George S Graham) — Gross Description The speci- 
men consisted of a segment of intestine 16 5 cm long (fig 1) It consisted of 
terminal ileum with the ileocecal valve near one end and beyond it about 4 cm 
of cecum Immediately above the junction of the small with the large intestine 
there was a protruding tumor mass 3 cm in diameter with a smooth serous- 



Fig 1 — Intramural cyst of the ileum The cyst produces an inward bulging of 
the W'all of the bowel, beginning just above the fold of the ileocecal valve at the 
left Its cavity has been opened by transverse incision A probe projects from 
the appendical opening 

covered surface It had been opened by transverse incision, which revealed it 
as a cyst lying within the wall of the bowel On the serosal side the w'all of 
the cyst was dense, almost cartilaginous, and was from 0 4 to 0 6 cm thick The 
muscular laj'er of the bowel could be followed into it The inner wall or roof 
of the cavity was thinner but was also firm and appeared to contain smooth 
muscle It W'as covered by the intestinal mucosa, beneath which the c\st bulged 
to form an elevation measuring 3 5 cm m the longitudinal axis of the bowel and 
1 5 cm in the transverse axis This elevation began just above the edge of the 
ileocecal valve The cyst was lined by a smooth, dense, grayish-white tissue n 
the mesenteric tissue were several lymph nodes, the largest being 1 cm in knot i 
Thej" Avere natural m color and consistence 

Microscopic Description The cyst cavity was lined by a thin mucous mem- 
brane This w'as best seen in blocks taken from the outer w'all or the floor o 
the cavitv (serosal side of the bowel) (fig 2) Where best dei eloped, it siowe 
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a surface layer of high columnar cells dipping downward into short, wide crypts 
Opening into these singly, or in groups of two or three, were short, wide, tubular 
glands lined by polygonal cells with clear vacuolated cytoplasm, like that typical 




Fig 3 — Outer wall or floor of the cyst, showing the mucosal lining, X 120 

of Brunners glands (fig 3) The larger surface depressions often extended 
more deeply and subdiyided the tissue into irregular papillarj formations or 
outlined thinner yillus-like structures The tunica propria was relatnely dense 
In some blocks this aUpical mucosa flattened into a single la>er of columnar 
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Fig 4 — Inner ^\all or roof of the cvst The lower level of the covering colonic 
mucosa can be seen at the top of the field At the bottom is the deniided inner 
la 3 "er of the cj^st caMtj , X 120 



Fig 5 — Angle of junction of wall of the bo^^el ^Mth the c}St At the left is 
the uninvoh ed ileum , at the upper right, the cvst ca^ itj , X ^ 
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epithelium with a thin supporting stroma and occasionally small sectors containing 
a few abortive glands The flattening became more pronounced about the side 
walls of the cavity, and in the roof even this thinned mucosa disappeared, and 
the stroma was infiltrated by leukocytes When present, the lining epithelium 
usually rested directly on a thick stratum of smooth muscle with irregularly 
disposed longitudinal and transverse strata, but this layer was absent in some 
sectors Beneath it was a 7one of connective tissue with infiltrating Ivmphocytes 
and eosinophils Outside this there was a muscular wall of varying structure 
In the floor it was thick and in general circularlj disposed, but this thinned 
toward the roof where it was usuall 3 ’^ represented bj" two lajers separated by a 
middle fibrous stratum (fig 4) In the angle in which the normal wall of the 
bowel met the cj'st, its longitudinal layer was continued in the floor of the C 3 St 
The circular la 3 'er appeared to split, sending a thick layer into the floor and the 
thinner bundles upward into the roof (fig 5) In both areas, the muscle bundles 
appeared to mingle with bundles proper to the wall of the C 3 St itself 

Case 2 — A child, aged 2 years, w'as admitted to the hospital wnth a histor 3 ’^ of 
vomiting and bloody stools of six days’ duration 

A mass could be felt by rectal examination, and a tumor w^as palpable in the 
sigmoid region 



Figure 6 



Fig 6 — Intramural cyst of the ileum The outline of the ileocecal vahe fold 
IS seen just to the right of the cyst A probe has been passed into the lumen of 
the appendix and projects beneath the valve 


Fig 7 — Section through the C 3 st in the transverse axis of the bow'el The 
“roof” IS collapsed from shrinkage while in the preserving fluids , X 2 


Opeiation — At operation a large intussusception was found It w'as impossible 
to reduce the intussusception, as the ileum had sloughed in two places Resection 
of all of the colon with its contained intussusceptum, leaving onl 3 the sigmoid, 
was done The ileum w'as joined to the sigmoid by lateral anastomosis 

The patient died one hour later 

The cecum showed a small C 3 '^st on its posterior w'all just abo%e its ileocecal 
valve 

Pathologic Repot t (Dr George S Graham) — Gross Description The speci- 
men consisted of a segment of bowel 8 5 cm long (fig 6) The \ermiform appen- 
dix W'as attached near one end On section the ileocecal ^al\e was found near 
this end wuth the appendix opening beneath it On the ileal surface of the lahe 
there was a dome-shaped c%st 17 cm in diameter and 0 8 cm in height The wall 
was thin, and the ca\it\ contained a colorless fluid The appendix emerged 
through the wall of the bowel just alongside and beneath the c\st 
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Microscopic Description Sections showed an epithehal-lmed cyst apparently 
lying within the inner muscular layer of the small intestine The outer wall or 
floor of the cyst (the side toward the peritoneum) was lined by a mucous mem- 
brane containing simple tubular glands opening through relatively large pits 
They were lined b}" high columnar cells with vacuolated cytoplasm There were 
large vacuolations suggesting that of the “goblet cell” but no tinctorial suggestion 
of contained mucus The short rounded or slightly elongated end-pieces ivere 
lined by an epithelium of similar appearance The cells suggested those of 
Brunner’s glands rather than those of the small intestine There were no cells of 
Paneth The tissue was best developed at one lateral angle of the floor of the 
ci^st (fig 7) Avhere it formed a thick layer with large and richly branching papil- 
lan folds Outside this area it rapidly thinned into a single layer of columnar 



Fig 8 — Higher power view, shoiving the junction of the ileal wall with the 
cjst, X 7 

cells The tunica propria of the thicker area also thinned and disappeared, the 
epithelium resting directb^ on the smooth muscle of the wall There was a dis- 
continuous inner layer of smooth muscle, sometimes suggesting a muscularis 
mucosae but appearing for the most part merely as an inner layer of the envelop- 
ing tissue As the muscular wall of the bowel met the cjsts, its longitudinal 
muscle layer was continued in the outer wall or floor of the cyst The circular 
layer appeared to split, sending a widened layer into the floor and a series of 
bundles upward about the sides of the cj^st to its covering surface or roof 
(fig 8) The tissue of the latter was poorly preserved and its exact structure 
could not be clearly made out but it appeared to consist of a delicate fibrous 
tissue with an occasional trace of smooth muscle It W'as covered in part bv the 
intestinal mucosa but this had disappeared m large part and the inner or cvst 
surface w'as also denuded Clinging to the inner w'all of the c\st was a httk 
serous or fibrinous coagulum w'lth desquamated epithelial cells and a few leuko 
CAtes and red cells in its meshes 
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Case 3 — In June, 1928, a ^\oman, aged 21, ^\as admitted to the hospital com- 
plaining of pain o\er the cecal region There were tenderness and rigiditj o^er 
McBurney’s point A diagnosis of acute appendicitis was made 

Opoation — Operation was performed bj Dr C N Carroway, of Birmingham, 
w'ho permits me to report this case At operation, a cyst Avas found occupying 
the lower end of the cecum the appendix opened into the cjst The caput cecum 



Fig 9 — Cecal cjst The appendix has been opened longitudinally Its lumen 
opens into the c\st canty, which also has been partially opened by incision through 
the roof 



Fig 10 — Low power new' of the c\st The section passes tangentiall} through 
the orifice of the appendix, X 2 

was excised, and the defect in the intestine was repaired bj suturing cut edges 
together 

The patient made an une\entful recoaerj' 

Pathologic Rcpoit (Dr George S Graham) — Gross Description The speci- 
men consisted of the caput cecum (fig 9) There was a conical enlargement of 
Its wall W'ltli the appendix coming off from its apex on the serosal side and its 
base bulging into the lumen of the bowel and apparenth constituting a c\st wall 
No appendical opening was present The appendix was 4 cm long and was 
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slightl} constricted at its cecal attachment Incision througli its distal portion 
showed a thickened dense wall and pus-filled lumen A probe passed inward 
through the lumen entered the cavity of a cyst lying within the cecal wall and 
producing the deformity noted It rvas filled with purulent fluid It did not 
communicate with the lumen of the bowel The muscular layer of the bowel 
appeared to cover the cyst on its serosal side, where it formed a thick dense wall 
A thinner wall supported the colonic mucosa covering it on the side of the lumen 
of the bowel 

Microscopic Description Sections through the cyst showed that it was 
located within the mucous layer of the colon (fig 10) The muscular lajers of 
the bow el lay m its outer w all or floor and were continued outwmrd m the appendix 



Fig 11 — Roof of the cj^st The lower margin of the covering mucosa can be 
seen at the top, the cyst cavit}' is just within the field at the bottom There is 
inflammatory exudate in the W'hole thickness of the w'all , X 120 

wFere this structure communicated with the cyst cavitv The roof of the caiitv 
consists of colonic mucosa supported on a layer of loose fibrous tissue containing 
occasional fat cells and continuous with the submucosa of the enveloping 
wmll of the bow'el (fig 11) Immediately about the appendical orifice the inner 
surface of the cj'st cavity wms lined by tj'pical colonic mucosa (fig 12) Else- 
wdiere no trace of mucosa was found, the inner loose fibrous tissue of the wall 
being infiltrated bj^ great numbers of leukocj'tes and in places broken up b' 
miliary abscesses (fig 13) The leukoc 3 '^tes wmre mostlj^ neutrophils, but there 
w^ere occasional l 3 mphocytes and plasma cells, endothelial leukocvtes and m places 
man 3 " eosinophils The inflammatory exudate spread laterally in the mucosa o 
the colon about the cyst and outward m the muscularis and serosa of the floor 
of the cyst There was slighter extension outward in the proximal appendix, but 
the mucosa of the latter was well preserved 
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Fig 12 — ^/unction of the appendix with the c>st cavity The section passes 
tangentially to the lumen at its upper end, X 7 



Fig 13 — Lateral ^\all of the cjst The colonic mucosa is reflected o\er its 
roof at the upper left, the muscular coat of the bowel passes to the left in the 
floor of the c\st, X 7 
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REVIEW or VERIFIED CASES IN THE LITERATURE 

In 1882 Frankel ^ reported the first case of ileocecal cyst to be found 
m the literature A child died three days after birth, with symptoms of 
intestinal obstruction At autopsy a cyst inches (6 27 cm ) m 
diameter was found at the ileocecal junction It projected into the 
ileum and the cecum No microscopic examination was done, but the 
age of the child and the observations at autopsy are undoubted evidence 
that this was a genuine ileocecal cyst 

In 1886 Sainsbuiy- repoited the case of a girl, aged 11, who had 
died of typhoid At autopsy a large cyst was found in the cecum just 
above the ileocecal valve 

In 1896 Huetei ® reported a cyst the size of a cherry stone situated 
at the ileocecal vah^'e It was coveied only by mucosa 

The case Spiengel ^ recorded in 1900 occuired in a girl, aged 15 
yeais A lapaiotom}'^ was done for suspected tubeiculous peiitomtis 
The cecum was resected for tumor A cyst Il4 inches (3 14 cm ) long 
was neai the ileocecal valve m the cecum It was covered by serosa, 
and did not communicate with the lumen of the intestine Microscopic 
examination showed columnai epithelium, tubular glands, lymphoid 
tissue and a few muscle fibeis 

In 1902 Hedmger ® described a case m a boy, aged 4 The cyst 
was very laige and occupied a laige part of the lower part of the 
abdomen It contained a liter of milky fluid It was attached to the 
mesentei) of the ileum 10 cm fiom the ileocecal valve Section showed 
a peritoneal coat, two muscular coats, muscularis mucosae and an epi- 
thelial lining The lining showed cylindiic epithelium and flattened 
epithelium for the most pait, and in some places epithelium was missing 

In 1903 Kiogius^ reported a case in a child, aged 2 months The 
diagnosis was intestinal obstiuction At operation, a cystic tumor the 
size of a pigeon’s egg was found in the ileum near the cecum , lieostonp 
was performed A few days latei excision of the intestines was done 
but the child died of hemorrhage two houis after the operation While 
no micioscopic obseiwations are given, Krogius repoited it as an 
enterogenous cyst which it probabl) was 

In 1906 Ayei ' leported a case in a man, aged 23, who was operated 
on for a condition supposed to be appendicitis, accompanied with sei ere 

1 Frankel Virchows Arch f path Anat 87 275, 1882 

2 Sainsburi Tr Path Soc 38 146, 1886-1887 

3 Hueter Beitr z path Anat u z allg Path 19 391, 1896 

4 Sprengel AVrhandl d deutsch Gesellsch f Chir 29 lOS (pt 1) "la 
537 (pt II), 1900 

5 Hedmger Virchows Arch f path A.nat 168 146 1502 

6 Krogius Ztsciir f kim Hed 49 53, 1903 

7 Ayer Am J M Sc 131 89, 1906 
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pam, vomiting and constipation It was found, however, that the con- 
dition present was a thick-walled C 3 fst, the size of a duck’s egg Here, 
as often occurs in these cases, even with the abdomen opened, the 
diagnosis was doubtful The case was at first considered one of intussus- 
ception Howevei, the cecum was incised, and a c}'St was found over- 
hanging the ileocecal valve No microscopic examination was made, but 
the thick-walled cyst was apparently lined with mucous membrane 
In 1910 Neupert ® lepoited the case of a boy, aged 10, with a painful 
tumor in the ileocecal region 



Fig 14 — ^Types of ileocecal region (from Kelly The Vermiform Appencli\, 
1905) A, two cecal pouches American manatee, armadillo and many carnn- 
orous birds B, long cecal pouches of herbivorous birds (long narrow neck and 
small orifices) Goose, hen, owd, loon, ostrich, etc C, short cecal pouches, narrow 
neck little anteater D, prolongated pouch and reduction in caliber in mole and 
spiny anteater 

At opeiation a tumor the size of a hen’s egg was found m the 
terminal ileum, 4 inches (10 16 cm ) from the ileocecal valve The cyst 
was enclosed on all sides b} musculans of the intestines and was lined 
by cubical epithelium tvith traces of mucosa 

8 Keupert Centralbl f Chir 37 714, 1910 
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In 1912 Baldwin ® lepoited a case of true diverticulum of the cecum, 
with a history of appendicitis-like attacks which had occurred twehe 
and 7 years previously A hard globular tumoi 2 inches in diameter 
was found springing from the cecum at the ileocecal valve It con- 
tained haid feces and communicated with the cecum by an opening which 
just admitted the tip of the fingei There was no pedicle, but a clamp 
was applied next to the cecum and the tumor cut away On microscopic 
examination it was found that the Avail of the tumoi contained all the 
coats of the noimal cecum The patient lecoveied 



Fig IS — Cross-sections of the epithelia] tube of the intestine, showing the 
development of diverticula, X 130 A-D, from an embryo of 22 8 mm (Harvard 
Collection, Series 871) E and F, from an embryo of 30 mm (Harvard Collec- 
tion, Series 913) (After Kreibel and Mall Human Embryology, 1912, vol 2, 
p 381 ) 

In 1913 Blackaddei leported a case which was described as a 
letention cyst of the cecum It occurred m an infant, aged 10 weeks 
The tumor projected into the cecal lumen Section showed a cyst 
covered Avith mucous membrane similai to that of the intestine It 
Avas lined with a thm layer of columnar epithelium, Avhich Avas folded 
m places and showed gland formation Beneath the epithelium Avas 
a distinct submucosa then three distinct la)ers of muscular fibers It 
was undoubtedly an enterogenous cyst 

^ Baldwin M Rec 81 991, 1912 
10 Blackadder Tr Am Pediat Soc 25 296, 1913 
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Turnei and Tipping/^ in 1914, described a case in a child, aged 4 
months At opeiation, a cyst 1 inch (2 5 cm ) m diameter was found 
encioaching on the lumen of both the ileum and the cecum Its wall 
contained the coats of the normal intestine 

In 1914 Ball reported a case in a child, aged 3 months At 
opeiation the condition was thought to be an irreducible intussusception 
Resection lyas cairied out, when the colon was incised, a tensely dis- 
tended cyst was seen to pioject fiom the wall of the cecum, blocking 
the ileocecal valve 

Bolton and Lawience,'" in 1916, reported a case in a child aged 3 
months The cyst was m the mesenter} at the ileocecal angle It 
seemed to be mcorpoiate with the wall of the cecum and the terminal 
ileum It was incised, and glair}'^ white, odoiless fluid escaped The 
greater pait of the wall of the C}St was cut away Aftei piolonged 
drainage of similar fluid, the wound closed Later, incision was 
lequiied on two occasions to hbeiate a similar collection of fluid fiom 
the cavity 

In 1923 MacAuley repoited a case in a giil aged 6 months Aftei 
the intussusception was i educed a tumor could be palpated at the ileo- 
cecal valve Resection was performed 

In 1925 Bazin reported a case of intussusception m a boy aged 
8 months Aftei the intussusception was reduced, a hard mass was 
found on the mesial wall of the cecum just above the ileocecal valve 
The lumen of the cecum w^as encroached on The cecum was resected 
The child Ined Microscopic examination showed that the outei wall 
contained mucosa, submucosa and tw^o musculai layers, all comparable 
to that of the adjoining cecum It was lined by a thin layer of cuboidal 
cells 

In 1925 Lotheissen repoited a case m a woman aged 21 He 
found a large cyst in the inteiioi of the cecum He resected the ileo- 
cecal legion, after failing to enucleate the cyst 

In 1928 Edwards operated on a girl aged 12, who w’’as thought 
to have acute appendicitis A cyst inches (8 87 cm ) long and 
about 1I4 inches (3 77 cm ) m diameter w’^as m the right \vall of the 
cecum, just above the ileocecal Aahe It contained the structuies of the 
w^all of the intestine 

11 Turner and Tipping Proc Roa Soc Med 7 29, 1913-1914 

12 Ball Bnt J Dis Child 2 259 1914 

13 Bolton, C , and Law rence, T W P Bnt M J 2 248, 1916 

14 Alac^ulej, H F Bnt J Surg 11 122, 1923 

15 Bazin, A T Canad A J 15 130, 1925 

16 Lotheissen Deutche Ztschr f Chir 179 394, 1923 

17 Edwards, Harold Clin T 57 319 (Juh 4) 1928 
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In 1929 Evans leported a case in a man, aged 29, who was 
operated on for a variable tumor m the cecal region At times a distinct 
tumor could be felt, and again no sign of it could be found It con- 
tained milky mucoid fluid The walls of the cyst contained all the 
elements of the cecal wall, of which the cj^'St was really a part 

Resection was cairied out with prompt recovery 

Evans also reported a case found in a specimen m the Royal College 
of Suigeons Museum (specimen no 1221 1) It consisted of “a 
spheiical retroperitoneal cyst 4 inches in diameter, intimately connected 
with the lower end of the ascending colon 

“Histologically the wall of the cyst consists of fibrous tissue with 
mtei mingled unstriped muscle fibres, lined with well developed mucus 
secieting epithelium Heie and there the surface laised into low 
papillae ” 

In 1929 Beekman reported a case in a giil aged 5^2 yeais A 
diagnosis of partial intestinal obstruction was made, the possibility of 
intussusception being kept m mind At operation, a cyst about 1J4 
inches in diameter was found encroaching on the ileum and cecum and 
connected with the mesial cecal Avail It contained a thick, glaiiy, yel- 
loAVish, mucoid fluid The edges of the cyst were sewn to the parietal 
peritoneum A fecal fistula developed This Avas closed by a second 
operation seA’'en months later The child has since lemained well 

CONCLUSIONS 

C 3 ^sts of the ileocecal legion constitute a definite entity 

The}'’ are enterogenous developmental cysts True diverticula of this 
legion haA^e the same origin 

Malignancy has not been noted in connection with these cysts 

Three of the twenty-thiee cases have been associated Avith ileocecal 
intussusception 

Resection of the terminal ileum and cecum is the surgical piocedure 
of choice 

Dr George S Graham supplied the pictures for these case reports 

18 Evans, A Brit J Surg 17 34 (July) 1929 

19 Beekman Ann Suig 90 1097 (Dec) 1929 



THE CLOSED METHOD OF TREAT^IENT OF 
FRACTURES OF THE ANKLE JOINT 

CARLO LDRENZETTI, MD 
Assistant at the Surgical Clinic, Unnersity of Milan 

JIILAN, ITALY 

jNIy object in this paper is to report the methods and discuss the 
results obtained in the closed reduction of recent fractures ot the ankle 
joint at the surgical clinic of the University of jMilan 

The choice of methods to be employed in the treatment of these 
fiactures is still a matter of discussion Lambotte,^ Lane - Leclerc,^ 
Alglave,"* Berard, Picot,® Duval,® Basset" and Juiara advocated opera- 
tne reduction m the fracture ivith marked displacement, foi the folloii- 
ing reasons (1 ) A better reduction can be obtained and the iiagments 
are maintained in bettei apposition, (2) the time required toi union is 
less, and (3) function is more quickly reestablished 

Guillembot, Tuffiei, Delbet,® Lusena Matti ® Lussana Leieut, 
Girode, Monard and Monod prefer, as a rule, closed reduction They 
expressed the belief, however, that operative reduction is not infre- 
quently indicated, as, for instance, m those cases m which there is pluri- 
diiectional displacement of the foot, when there is a large antenor or 

* Submitted for publication, March 14, 1930 

1 Lambotte, Abbm Chirurgie operatoire des fractures, Pans, ^lasson S. 
Cie, 1913 

’ a 

2 Lane, W A Les consequences disastreuse= de certaines fractures par 
abduction du cou-de-pied, Lancet 2 697, 1921 

3 Leclerc, G Le traitement des fractures de Dupuitren par le Mssage de 
la malleole interne. Bull et mem Soc de chir de Pans 48 1267, 1922 

4 Alglave, P A.u sujet de la technique du traitement sanglant des fractures 
bimalleolaires a grand deplacement. Bull et mem Soc de chir de Pans 50 152, 
1924 

5 Picot, G L’mter\ ention sanglante dans les fractures malleolaires, J de 
chir 21 529, 1923 

6 Diual, Pierre, and Basset Indication et technique du traitement opera- 
toire des fractures recentes fermees du cou-de-pied. Bull et mem Soc de ciiir 
de Pans 49 1415, 1923 

7 Basset, A. Fracture recente du cou-de-pied double fragment marginal 
posteneur ostheosinthese par MSsage excellent resultat anatomique et func- 
tionnel, Bull et mem Soc de chir de Pans, 1924 eol 50 

8 Delbert, P Deux cas de fracture de Dupintren Bull et mem Soc int 
de chir de Pans 48 421, 1922 

9 Matti Die Knochenbrucke und ihre Behandlung Berlin Julu^^ ‘'p-inger 

1922 

10 Lu'sana le tratture del collo del piede -krch ital di ortop 42 155 1926 
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postenoi fiagment of the tibia with a tendency foi the foot to become 
dislocated again aftei it has been reduced, when the fiactured malleolus 
and astiagalus infringe on the remaining portion of the fiactuied mtei- 
nal malleolus, i eduction thus being pi evented, and, lastl}, when the 
malleolai fiagments become crossed and locked so that the toot lemams 
in the abducted position 

Baldo Rossi, Savariaud,^- Sohgoux,^® Feriy and Delbet expiessed 
the belief that i eduction can be accomplished and maintained by the 
closed method in eveiy type of fracture through the ankle joint, howevei 
complex They also weie of the opinion that the lesults obtained by 
the closed method equal or surpass those obtained b} the opeiative 
method I lecently had the opportunity of examining patients who had 
been tieated foi fiactures thiough the ankle joint at the Surgical Clinic 
of IMilan, and found that in 435 cases of this charactei it had not been 
necessary to lesoit to an opeiation, even in the moie serious and complex 
cases with pluri directional displacement of fragments 

The external displacement of the foot is the most difficult to correct 
The valgus position of the foot occurs when the astiagalus is no longer 
held in position as a lesult of a fractuie oi diastasis of the malleoli The 
external dislocation of the foot must be completely collected, otherwise, 
theie will be complex dynamic and static changes in the mechanism of 
the ankle joint which is undei great strain, even undei ph3^siologic con- 
ditions If, in addition to the valgus position, a backward dislocation of 
the foot occuis as a lesult of a fracture of the postenoi maigin of the 
articulai suiface of the tibia, difficulties m treatment aie inci eased A 
pel feet anatomic leconstiuction must be secuied befoie a good func- 
tional lesult can be obtained At times good reduction can be secured, 
at othei times i eduction is difficult, even under anesthesia and with the 
aid of the x-iajs because of (1) the amount of displacement, (2) the 
peculiai shape of the fragments, and (3) the i elation of the soft tissues 
to the fiagments Many surgeons, especially the Fiench, aie inclined 
to tieat these fiactuies by the open method, not only to sectiie a i educ- 
tion of the fiagments but also to maintain reduction by fixing by nail or 
SCI ew the extei nal malleolus to the tibia, or by fixing the posterior mar- 
ginal fiagment to the tibia (Lane, Lambotte and othei s) 

Theie is no doubt that good results may be obtained b)^ these pro- 
ceduies, but we think that as good, if not better, lesults can be obtained 

11 Rossi, Baldo Lussazioni associate a frattura e fratture associate a lus- 
sazione, Comunicazione al XVII Congresso di Ortopedia, Venezia, 1926 

12 Sai ariaud L’appareillage des fractures bimalleolaires receiites, en adduc 
tion forcee constitute la procede de choix il doit etre prefere a la metho e 
sanglante, Presse med 32 377, 1924 

13 Soligoux A propos du fragment marginal luxation 

du pied en arriere, Bull et mem Soc de chir de Pans 38 147U, 
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in most cases without operation I believe that I am coiiect in saying 
that the closed method is to be preferred in the treatment of these tiac- 
tuies Infection with serious consequences is the chief danger of the 
open operation Stiffness of the joint will lesult if infection occurs 
Delayed bony union, as the result of the use of foieign material and 
the intolerance of the tissues to it, must be considered as a distinct dis- 
advantage of the open reduction of these fractures 



Fig 1 — Construction of the temporary internal splint apparatus, showing 
arrangement of the cotton uool cushion between tlie splint and the lower third 
of the leg 



Fig 2 — Showing the way to wrap the linen bandages m the construction of 
the interml splint apparatus in order to place the foot in the \arus position 

When the closed method is emplojed it is not good practice to appl) 
a circulai cast oi to use eten the Delbet dressing when the reduction is 
first made liecause the reduction when first attempted ma\ be difficult 
and incomplete, and again the dressing must lie padded with .i]j‘'Orbent 
cotton because of the possibilita of reactne and circulator\ changes 
occuning about the fracture Plaster loses a considerable part of it' 
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fixation power when padded with absorbent cotton Complete oi partial 
lecuuence of the displacement ma} occm as soon as the swelling is 
1 educed and the diessing becomes loose 

When plastei is used theie may be some difficulties m the reduction 
of fractures with marked and combined displacements, especially dis- 
placements lateralward and posterioily It is difficult to maintain 



Fig 3 — Degree of final varus of the foot obtained with the internal sphnt It 
IS IS to be noted that the plantar surface of the foot is turned directly to the 
inner side 



Fig 4 — At the end of the construction of the internal splint apparatus the foot 
must be at right angle with the leg This position may better be maintained \ 


a traction plaster of pans stirrup 

1 eduction duiing the time lequired for the setting of the plaster Ail tjie 
foice used in the reduction will not be transferred to the foot 
plastei For example, in the treatment of fractures of the neck o 
the femui, if the plastei used sets, a great part of the result of traction is 
lost when traction is released In some fractures of the mal eo i 
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marked lateral displacement, m order to overcome the tiljiofibular dias- 
tasis, to secure a good reduction of the fragments and to pre\ent a 
recurrence ot the valgus position, it is necessar} that the reduction be 
maintained hi a foice as ponerful as that used m the reduction 

This is accomplished by a lever, to be described later, b} which the 
fiacture is leduced and reduction maintained Eien if all the force 
required could be secured by a circular plaster cast to maintain the 
toot m an overcorrected position, this would be undesirable because ot 
the piessuie that might develop with the subsequent edema and the 
consequent possibilities of gangrene Sometimes one must be satisfied 



Fi? 5 — Roentgenogram of a Upica! Dupmtren’s fracture vith marked 
tibiofibular diastasis in G P, aged 49, Aalgus position and subtotal posterior 
luxation of the astragalus 

ulth incomplete i eductions imperfecth maintained In padded dressings 
which do not maintain in good position the more marked displacements 
which tend to lecur In such cases one mat at times be almost read} 
to admit that open i eduction has certain ad\antages 

The temporal V leter apparatus used In Professor Baldo Rossi in 
the Suigical Clinic of Illilan for the reduction ot the lateral anr! jxn- 
terioi displacements of the foot is the Dupintren apparatus to which 
has been added some important modifications which make it more 
efficient Alter the tempoiar\ reduction b\ this apparatus planter i*- 
used foi iinmoliilwation 




Pjct 6 — Roentgenograms of the same patient as m figure 5 A sho 
first step of the reduction with the internal splint apparatus sphnt 

complete R shows the second step of the reduction he m^ernaj 

apparatus Although improved, the reduction is still incomplete 
tion of all the displacements (of the diastasis, of the m ern j spi^t 

the astragalus) is completed at the third applications of the 


apparatus 
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A desciiption of this apparatus and the ^^a^ that it is used follows 

1 The lower extremity is covered with a layer of absoibent cotton 
A wooden splint (from 90 to 100 cm long, 6 cm wade and 1 cm thick) 
also covered with absoibent cotton is placed on the innei side of the 
extremity It extends from the distal two thirds of the thigh distahvard 
to 10 cm beyond the plantar surface of the foot 

2 A laige pad of cotton is now placed between the mnei surface of 
the loivei twm thirds of the leg and the splint The thickness of this 
pad must be proportionate to the degree of the varus position whicn 
it IS desired to obtain 

3 The upper part of the splint is fixed by means of bandages w Inch 
below include the cotton pad There must be considerable space betw een 
the foot and the splint This is secured b}’^ the cotton pad 

4 Aftei manual collection of the gross displacement, the foot is 
foiced, by means of bandages, tighter and tighter against and o\er the 
inferior third of the splint, so that the foot is m a marked \aius position 
In this way, the lateral displacement is corrected 

It is not ahvays easy to secure the varus position at once The i educ- 
tion is secured by degrees by tightening of the bandages and correctne 
maneuvers about the heel It would not be wise — fiequentl} it is 
impossible — to secuie by a single violent manipulation a complete reduc- 
tion of the fragments in some of these cases Occasional!} the fracture 
cannot be reduced This happens wath other procedures especiall} m 
attempts at manual reduction, reduction not being maintained w'hen 
the plaster is applied The operator may tire and therefore attempts 
to reduce the fracture more quickly, employing sudden and Molent 
manipulations, wdiich are interrupted Muscular contractui es, especiall} 
wdien the patient is not asleep (hence the frequent necessit\ of adminis- 
teiing an anesthetic in this procedure), interfere greath wath the 
reduction 

The method advocated m this paper permits of gradual and jiro- 
giessne reduction The muscle spasm is o\ercome gradualh , and the 
tiaumati7ed tissues gradually accommodate themsehes The pain which 
the patient sufters is limited in intensity Except in rare cases an 
anesthetic is not required 

The bandage should be applied so that the roll when tightened causes 
a gradual i eduction of the fracture wath the foot m an o\ ercoi reeled 
position The bandage should be applied from without inward so that 
the foot is brought into the piopei position as indicated in figure 2 
Se\eial lolls of the bandage should be tighth applied so that the redue- 
tion seemed ma} be maintained The foot must be kept at right anglcN 
01 almost at light angles, for this position is most fa\orable tor the 
leestabhshment of function especialh so when there is a pos^ibiht\ oi 
some stillness of the ankle joint after immobili/ation 




Fig 7 — Roentgenograms (A and F) of a low Dupuytran fracture (instea 
the fracture of the internal malleolus there is a tear of the interna 
ligament), a posterior marginal fracture, valgus position, diastasis o 
fibular joint and external subluxation of the astragalus, m M , 

C shows complete correction of everj displacement with internal splint appa 
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5 If in addition to the eveision theie is also aposteiioi dislocation of 
the foot, this must be collected befoie the foot is brought into the vaius 
position b} bandaging it to the internal splint Cases in which the dis- 
location is combined with a laige posteiioi maiginal fiagment of the 
lo\\ei end of the tibia must be difteientiated from those in Avhich the 
posteiioi dislocation is the lesult of a maiked diastasis of the tibia and 
fibula In the cases of the fiist gioup piessuie of the foot diiected from 
behind foiwaid must be maintained while the foot is bi ought pro- 



Fjg 8 — Roentgenograms showing a low Dupuytren’s fracture and posterior 
marginal fracture of the tibia with diastasis, \algus position and posterior dislo- 
cation of the foot, 111 G G , aged 37 


gressively into the oi^ei collected varus position, the foot being kept at 
a right angle Such a proceduie prevents recurrence of the posteiior 
dislocation and also reduces the posterior marginal fiagment The 
doisal capsulai ligament of the tibia tarsal articulation is made tense 
and the fiagment is brought downward and forwaid until it is contacted 
with the fiactuied surface of the tibia In the second group ot cases m 
which the dislocation is dependent on the wide diastasis of the tibia and 
fibula, reduction is made moie easily if before the foot is bi ought 
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foiwaid the ^algus position is temporal ih exaggeiated so that the 
astiagalus passes moie easih oier the postenoi bordei of the articular 
sui face of the tibia When reduction occurs there is a characteristic 
jerk Reduction maj be maintained w ithoiit an\ special precaution u hile 
the bandage is applied about the foot and splint 

6 hen reduction is completed a i oentgenogi am must be taken 
at once in two planes in order to determine whether or not the results 
are satisfacton If the correction is not satisfactoi\ the astragalus, 
although in supination not bearing the propei lelations to the articular 



Fig 10 — Roentgenograms showing good anatomic and functional result m 
G G, after se\en months 

suiface of the tibia or the lower fibular fragment not being plgced in its 
propel 1 elation to the tibia, attempts can be made deliberate!)' to improve 
the lesults preferabh on the follownng da) The cotton pad used is 
replaced b) a larger one, and the bandage is again applied as already 
indicated There is no great burn, for one of the advantages of this 
dressing is that the reduction ina) be made b) degrees wnthout trauma- 
tism of the tissues foi the muscular resistance is gradually o^ercome 
7 The temporal) internal splint is left in position from eight to 
twent) days, depending on w hether there is sw ellmg of the soft tissues, 
the amount and complexit) of the displacement and the time required in 
the different stages ot i eduction 
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As a lule, if good reduction has been secured theie is no necessity of 
changing the appaiatus If theie is maiked swelling of the tissues or 
abiasions and wounds of the skin which lequiie attention, it will be well 
to leappl) the diessing which may become loose as the edema subsides 
The application of this dressing is not difficult or complicated No 
special equipment is lequiied Reduction can be secured even when 
there is not complete muscular relaxation at first and when there are 
those bony displacements which many legard as making the fracture 
11 reducible The reduction is made by a powerful lever of the second 



Fig 11 — Roentgenograms showing internal malleolar fracture bv adduction 
with a large fragment and posterior marginal fracture tibia with slight varus 
position and complete posterior dislocation of the astragalus and of the foot, m 
C T, aged 19 

class, the fulcium of which is formed b}’- the cotton pad and foice of 
uhich IS produced by the tight bandage over the foot The resistance 
is represented b}’’ the distal part of the splint This is a lever with a 
continuous, progressive, graduated force 

When it is thought that a satisfactory reduction has been secured 
this original diessing is removed and a circular plaster cast applied in 
Older to maintain the reduction effectively The plaster cast is apphe 
over a stockinet fashioned to fit the leg and foot, so that the plaster u i 
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be accui ately adapted to the parts A sti of cotton may be used o^ ei 
each malleolus to pi event piessuie and over the uppei and lowei ends 
of the cast so that cutting of the skm will be pievented If the cast 
IS so applied, the displacements will not lecui The ledisplacement of 
the posteiioi maigmal fiagment has been noted most fiequently The 
lecuiience of this displacement has been legaided by some suigeons as a 
justification and indication foi the ojDen operation 

I belieie that these lecuiient displacements are due to the too early 
use of plastei befoie the edema has subsided and to employment of 



12 Roentgenograms of C T, showing complete and perfect reduction of 
every displacement in the temporary internal splint apparatus 


absoibent cotton beneath the plaster cast, especially if it is circular, 
which does not permit of firm fixation about the malleolar and dorsal 
surface of the foot, particularly if the tissues aie swollen and edematous 
when the cast is applied 

The temporary internal splint maintains reduction even when the 
edema decreases, for it is more than a fixation apparatus, it acts as a 
lever which continues to act even after the displacement has been 
reduced Although the cotton padding and the disappearance of the 
edema mai lessen the power piimarily exerted, this level exerts enough 
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foice which continues to act as long as the splint is left in position to 
maintain reduction 

The plastei cast extends as high as the tubeiosities of the tibia as a 
lule, motion at the knee being permitted In cases of moie maiked and 
serious displacements, the cast embiaces the lowei third of the thigh 
If there has been a maiked displacement of the fiagments, it is advisable 
to take a roentgenogiam even after the plaster has been applied to 
deteimiiie whethei the reduction is satisfactoi^v 



Fig 13 — Roentgenograms showing subtotal separation of the lower epiph 3 Sisof 
the tibia with separation of a posterior cuneiform metaphyseal fragment and with 
supermalleolar fracture of the fibula, posterior and external deviation of the axis 
of the leg, in D B C , aged 15 


I prefer the cucular cast to Hergott’s so-called piaster gutter, the 
plaster splints of Maissonneuve and the apparatus suggested by Reclus 
and Delbet A plastei cast applied from eight to ten da} s after a frac- 
tuie carries no dangers and maintains reduction Almost immediate, 
even if paitial, use of the fractural limb is permitted No further 
observation is required, and the patient can be dismissed the day after it 
IS applied 
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The cast is left on foi thirty, sixty or seventy da3S, depending on 
the t}pe of fiactuie The cast must not be removed too eaih, and the 
formation of callus in malleolar fractures is frequentl} dela}ed In 
order to secuie good bony union, immobilization must be continued for 
more than two months After such long immobilization the stiffness 
of the joint which may develop is of no maiked significance, foi it 
usually disappeais m one or two weeks when physiotheiap} or lational 
treatment is instituted 



Fig 14 — Roentgenograms of D B C taken after four years, showing good 
anatomic and verj good functional result 


When the cast is lemo^ed, an examination is made to determine 
whether oi not theie is good union A roentgenogram should be made 
to determine the amount of callus formation One can then judge 
whether oi not it is best to permit of weight-bearing on the fractured 
leg If moAements of the foot and Aveight-bearmg cause pain, and if 
the roentgenogram leveals fibrous callus insufficient!} consolidated, a 
lighter cast is applied after gentle massage and passu e motion of the 
foot has been instituted This second cast may be Avorn tAA’-entj thirt} 
or forty daj s, depending on the case 
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When the cast is finally lemovecl, the aftei-tieatment is begun, 
massage, hot baths, cliatheim) and aitificial sun baths aie employed to 
piomote the circulation, i educe the edema and hasten the foimation 
of bon}' callus and union 

Some ot the results of this method of tieatment aie indicated in 
the figuies appearing in the body of the aiticle 

This method of ovei coming the valgus position by use of the internal 
splint can also be used m supiamalleolai fractuies, and in epiplnsial 
sepal ations with or without a fiactuie of the metaphysis of the tibia 
when m the valgus position 

In conclusion, I believe that the closed tieatment of fractures of the 
ankle joint, if propeily employed, satisfies all the suigical indications 
his statement applies to the more seiious malleolar fiactuies with the 
iginal fiagment ot the lowei end of the tibia and to those with 
luiiduectional displacements of the astiagalus and of the foot I 
believe this the method of choice m the tieatment of these fractures, 
but do not den\ that cases may be met m winch an operation must be 
peifoimed because the fiagments cannot be i educed in any othei way 
In 435 consecutive fractuies of this type obseived b) me no opeiation 
has been requited 



THE REGENERATION OF HYALINE CARTILAGE 

IN JOINTS 

AN EXPERIMENTAL STUDY * 

A R SHANDS, Jr, MD 

DURHAM, N C 

Beloie the work of Redfern’^ m 1851, it was thought that hyaline 
cartilage possessed little or no power of regeneration Since that time 
the expel imental studies on hyaline cartilage have shown that it pos- 
sesses this propert}’-, but the investigators cannot agree as to the exact 
method b} which it is brought about The object of this communication 
IS to reMew the more significant papeis m the literature on the regenera- 
tion of hjahne cartilage in joints, iibs and ears, and to present the 
lesults of experiments on the injury and healing of h}’’aline cartilage 
in the joints of dogs The literature of this country contains no experi- 
mental repoits of such work in joints Most of the reports have come 
from England, Germaity, France and Italy 

Hunter - published an article, “The Structuie and Disease of Aiticu- 
lating Cartilage,” in which he said, “From Hippocrates to the present 
age it is universally allowed that ulcerated cartilage is a troublesome 
thing and that when once destroyed it is not repaired ” It was in this 
article that the cii cuius articuh vasculosus, or the vascular border of 
the joint, was first described Leidy,® following a series of experiments 
on cartilage, concluded that aftei the rupture of articular caitilage the 
fragments never unite Kolhker ^ wrote that cartilage possessed no 
power of legeneiation, nor did wounds of cartilage heal by a prolifera- 
tion of the cartilage substance In the same year, Paget ® stated that 
there weie no instances in which a lost poition of cartilage had been 
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restored or a wounded portion repaiied with new and well foiined 
cartilage, and that the gap of cartilage in a fractuie into a joint became 
filled with tough fibrous tissue 

Since 1850, a great man}^ investigators have contributed a wealth 
of material to the subject of the regeneiation of hyaline cartilage in 
joints The best piece of experimental work m the early period was 
that of Redfern ^ He showed that wounds in aiticular cartilages healed 
peifectly by the formation of fibious tissue at the site of the injury 
This fibrous cicatrix, he found, consisted of white and of yellow fibers, 
which weie formed from the intracellular substances of the cartilage 
and from the nuclei of its cells, respectively He observed that the 
cartilage cells ljung near the cut surface might be enlarged and rounded 
or oblong m shape, that the}'' were filled with corpuscles, and that 
occasionally they projected into the mass on the cut surface These 
cells were m a position to discharge their contents whenever the cell 
wall should offei too little resistance to the escape of the contents The 
stimulus of the incision was thought to have pioduced an abnormal 
development of the cells of the pait through which it had passed 
Redfern® demonstrated that after injury a fibiocelhilar layer was 
formed from the increased proliferation of cartilage cells, with an 
accompanying softening and fibi illation of the hyaline substance This 
la} er was firm enough to be torn off with its nipple-hke processes from 
the cartilage, and not infrequently formed a peimanent fibrous cicatiix 

Gurlt ^ concluded that the loss of cartilage substance could be 
repaired through fibrous tissue, which was sometimes like cartilage, 
but never full}'' cartilaginous tissue The fibious tissue was found to 
change itself by degrees into connective tissue cartilage and fibio- 
cartilage Gussenbauer ® made the statement that wounds of the carti- 
lage 111 which the bone was not broken did not heal 

Ogston ® wrote of the focus of central growth in cartilage He 
believed that the cartilage grew toward the joint surface, as well as 
toward the joint, from this central focus This was m order to replace 
the loss of cartilage from the forces acting on the sui face and to replace 
the cartilage surface toward the joint, which was being constantly 

6 Redfern, Peter Observations on the Development and Nutrition of Bone 
and Cartilage and on the Relations of the Connective Tissues to Each Other m 
Health and Disease, J Anat & Physiol 32 96, 1897-1908 

7 Gurlt, E F Beitrage zur vergleichenden pathologischen Anatomic der 
Gelenkkrankheiten, Berlin, 1853 

8 Gussenbauer, Carl Ueber die Heilung per primam Intentionem, Arc 

klin Chir, 1871, vol 12 „ 

9 Ogston, Alexander On Articular Cartilage, J Anat & Phjsio 
1875-1876 
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worn away Ogston^® further stated that articular cartilage was as 
valuable and necessary m forming and maintaining the structure and 
shape of bone as was the periosteum The cartilage, howevei, unlike 
the periosteum could not in a short space of time proliferate laterally, 
but grew only towaid the epiph}'sis, and if a portion was lemoved in 
making a perforation, the adjacent portions could not proliferate toward 
or into the perforation 

Tizzoni reported that m cartilage covered with perichondiium 
the restoration of the cartilaginous tissue began in the perichondrium 
In further experiments with joint cartilage, he found that on the edge 
of the incision the cartilage cells had become smaller and showed granu- 
lar degeneration, while in the adjoining layers of cartilage the cells 
showed enlargement He also observed fibrin formation in the matrix 
between the superficial and the adjoining layers of cartilage, which 
later was changed into cartilaginous tissue He found that in incisions 
through the cartilage to the subchondral bone, there was a metaplasia 
of the fibroblasts of the marrow into new cartilage cells 

Prudden described the changes that took place in the proliferation 
of the cartilage cells There was found to be an increase in the bulk 
of the fibers of the intranuclear network and occasionally a definite 
grouping of these fibers into more or less conical-rayed figures at the 
opposite poles of the nuclei The newly foimed nuclei were sometimes 
enclosed in the body of the cell, but in many cases weie seen lying 
completely outside of the latter and pressed closely against the capsule 
In many cases, theie was a distinct new foimation of sepaiate cells 
within the enlarged cavity, m others, theie seemed to be simply a 
multiplication of the nuclei but no differentiation into sepaiate cell 
bodies When completely developed cells were formed, they weie in 
no case separated by the formation of a partition of basement substance 
across the cavity, such as is seen m the proliferation of cartilage cells 
under normal conditions He further observed that the absorption of 
the cartilage took place by cells growing m from the surrounding granu- 
lation tissue 

Gies,^^ m studying the healing of joint wounds in cartilage, showed 
that an aseptic wound of caitilage did not heal, but that an infected 
wound with maceration healed completely He also observed that aftei 
tiauma, there was an extensive degeneration of hyaline cartilage 

10 Ogston, Alexander On the Growth and Maintenance of the Articular 
Ends of Bones, J Anat & Physiol 12 503, 1878 

11 Tizzoni, Giudo Arch per le sc med 2 28, 1878 

12 Prudden, T M Experimental Studies on the Transplantation of Car- 
tilage, Am J M Sc 82 360, 1881 

13 Gies, T Histological and Experimental Stud^ of Joint Disease IV' 
The Healing of Wounds in Cartilage, Deutsche Ztschr f Chir 18 8, 1882 
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observed that after four da)'^s the young capsule forms 
of cartilage cells adjacent to the defect sometimes became decidedlj 
enlarged and latei foimed mitoses He demonstrated that after twelve 
days islands of loose cartilage m a defect staited to become changed 
into connective tissue and took part in the formation of the scar It 
was shown that cartilage leacted to trauma with proliferation of cartilage 
cells shoeing mitoses and foimation of new hyaline matrix These 
areas Meie always well circumscribed Seggel further found that in 
an intact linear incision of cartilage after five months there was no 
reaction and that a superficial and central defect of cartilage remained 
more oi less the same in this time 

Fasoh found that after forty-six days there was protrusion of 
proliferated cartilage from the cartilage incision, and that after twenty 
weeks there was a complete repair of cartilage which had been cut 
through to the bone Rimann desciibed a metaplastic cartilage forma- 
tion in the deep defects in caitilage ivith no change along the edges 
of the cartilage He showed that after thirty-one daj^s the defect became 
filled with cellular connective tissue from the marrow, which was 
changed into cartilage Ciociola^" demonstiated that wounds of carti- 
lage extending to the underlying bone piesented a definite transition 
from connective tissue to hyaline cartilage, and that the tangentially 
placed supeificial wounds which did not reach the bone showed scarcely 
any leaction after two months 

Fishei contradicted Ogston’s idea of a focus of central growth 
and stated that the superficial cartilage cells had the same function as 
the penchondrial cells of the lateral part of the articulai cartilage, 
and ueie the parent cells of the moie fully developed caitilage cells 
in the deeper parts He also demonstiated that the repair near the 
maigins of the aiticulatmg cartilage was good, but that nearer the 
centei it was poor unless the underlying cancellous bone had been 
exposed Fisher further shorved that aftei six weeks the pared oft 
caitilage from the condyle of the femur showed no sign of repair 
on the pared surface, but that the cartilage in the lateral part did 
show proliferation 


14 Seggel, Rudolf Expenmentelle Beitrage zur Anatomic und Pathologic 
des Gelenkkiiorpels II Studien uber Knorpelwunden und Defekte, Deutsche 

Ztschr f Chir 75 453, 1904 . 

15 Fasoh, G Sul comportamento delle cartilagmi nelle ferite, Arch per 

sc med 29 365, 1905 

16 Rimann, Hans Expenmenteller Beitrag zur Lehre von der n = 

der echten, freien Gelenkknorper, Virchows Arch f path Anat 1 . 

17 Ciociola, F Contribute alio studio della riparazione delle eri 

cartilagmi articolan, Polichnico (sez chir ) 28 229 (June) 1921 

18 Fisher, A G T A Contribution to the Pathology and Etiologj „ , 

arthritis with Observations upon the Principles Underlying Its urgica 
ment, Brit J Surg 10 52, 1922-1923 
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expel imenting with rats, pioved that the defect lu aiticulai 
cartilage was first filled with granulation tissue which became fibrous 
and then was changed into fibrocartilaginous tissue, and finally into 
cartilage In some of his experiments, it was demonstiated that the 
reparative tissue came from the underlying cancellous tissue, while m 
others transitional cartilage-hke tissue seemed to arise in connection 
with the edges of the synovial membrane Fibrous tissue was demon- 
strated filling the defect m one week, a transitional tissue between fibious 
tissue and cartilage m two weeks, and islets of new cartilage m fibrous 
tissue in three weeks 

Haebler,’® experimenting with the articulai cartilage of dogs tound 
that when the cartilage alone was injured without injuiy to the sub- 
chondral bone, the cartilage wound showed no change aftei 300 days 
This proved to him that the cartilage itself possessed no power of 
legeneration When the subchondral bone was mjuied, as w’^ell as the 
cartilage, the cartilage defect became filled wnth fibrous tissue 

A great many of the experimental studies on the regeneration ot 
hj^alme caitilage have been with cartilage completely enveloped noth 
a perichondrium, such as that found in the ribs and ears Maichand 
after experiments with costal cartilage concluded that caitilage wounds 
were healed by the prohfeiaticn of a layer of connectne tissue fiom 
the perichondrium, which became partly changed into fibiocaitilage 
He found that the defect was first filled with fibrin In about two weeks 
the caitilage itself showed little change, but there w^as a thickening of 
the perichondrium After four w'^eeks there was a moderate fibious 
thickening and a new foimation of the hj'^ahne cartilage tissue, which 
came fioni the perichondrium 

Matsuoka-- and Mon,-® both experimenting wuth caitilage of the 
ear in rabbits, confirmed the conclusion of Marchand Malatesta,-’* 
experimenting with the costal cartilage of rabbits, stated that only 
exceptionally can the cartilage and connective tissue surrounding the 

19 Ito, L K The Nutrition of Articular Cartilage and Its Method of 
Repair, Bnt J Surg 12 31, 1924-1925 

20 Haebler, C Experimental Study of the Regeneration of Joint Cartilage, 
Beitr z klin Chir 134 602, 1925 

21 Marchand, F Healing of Cartilage Wounds, Der Process der Wund- 
heilung mit Einschluss der Transplantation, Deutsche Chirurgie, Stuttgart, Ferdi- 
nand Enke, 1901, pt 16, chap 18 

22 Matsuoka, M The Regeneration of Cartilage, Virchows Arch f path 
Anat 175 1 (Jan ) 1904 

23 Mon, M Studies on Cartilage Regeneration, Deutsche Ztschr f Chir 
76 220, 1905 

24 Malatesta, R Concerning the Healing of Aseptic Wounds of Hi aline 
Cartilage from the Perichondrium Coienng the Normal Cartilage, Virchows 
Arch f path Anat 184 123, 1906 
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cartilage wound produce young connective tissue, which later may be 
changed into hyaline cartilage This change of connective tissue always 
took place undei the influence of the perichondrium 

Haas,-® using the costal cartilage of rabbits for experiments, found 
that the regeneration of cartilage took place almost entirely from the 
perichondrium It proceeded by direct proliferation of all the layers 
of the peiichondrium beneath the outer fibrous tissue There was found 
to be a slight amount of regeneration of cartilage from the original 
cartilage near the perichondrium, but the remainder of the cut end 
tended to undergo degeneiative changes He also observed that the 
proliferation of caitilage increased in amounts proportional to the 
length of time that had elapsed 

METHOD OF STUDY 

Fourteen dogs were used in these experiments In eleven the knee joint was 
used, in two the elbow, and in one the wrist The dogs were first fully anesthe- 
tized with ether The knee joints were opened under aseptic precautions, either 
by a curved infrapatellar incision with the patella tendon cut transversely, or bv 
a long anterior incision with the quadriceps tendon cut transversely The elbows 
were exposed by a posterior incision over the olecranon, the triceps tendon being 
incised transversely The wrist was exposed by a transverse dorsal incision The 
defects in the cartilage were madf either with a 5 mm burr through to the sub- 
chondral bone or with a scalpel In some cases, only the most superficial layers 
of the cartilage were pared off with tlie scalpel, in others, the cartilage was 
removed down to the calcified matrix The condylar ridges of the femur in most 
cases were traumatized by pounding with a small metal hammer for one minute 
In all cases, the joints were closed with great care and all incised tendons care- 
fulh approximated A light plaster cast was applied to the extremity after the 
operation and left on for from one to two weeks The dogs were killed in one, 
two, four eight and twelve weeks After death, the blood vessels in the extremi- 
ties ivere washed with saline solution, and then india ink was injected into them 

In the knee joint, defects were made in the following areas patella, internal 
and external condyles of the femur, internal and external condyles of the tibia, 
internal and external condylar ridges of the femur, and the upper and lower 
intercondjdar spaces of the femur In the elbow, the defects were made with the 
scalpel in the head of the radius, the olecranon fossa of the ulna, the posterior 
lower humerus and the external and internal condyles of the humerus In t e 
wrist, defects were made with the scalpel in the scaphoid bone, the semilunar bone 
and the lower end of the radius 

Gross and microscopic examinations were made of the defects in the jou 
after the dogs had been killed Unfortunately, some of the microscopic sect 
V ere not clearly cut through the defects, and cannot be included m the ai 3 
of the observations Sixty-six of the seventy-four sections were satisfactor\ 

25 Haas, S L Regeneration of Cartilage and Bone with a 
of These Processes as They Occur at the Chondrocostal Junction, Surg J 
Obst 19 604, 1914 
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The observations have been grouped and analyzed m four ways 

1 According to the type of cartilage defect (a) through the superficial lajers, 
(Z>) through to the calcified matrix, (c) through to the subchondral bone and 
(d) due to trauma by direct force 

2 According to the time elapsed before the dogs were killed (a) twelve 
weeks, (i) eight weeks, (c) four weeks, {d) two weeks and (e) one week 

3 According to the location of the defect in (a) the patella, (b) the con- 
dyles of the femur, (c) the condylar ridges of the femur, (d) the intercond 3 dar 
spaces of the femur and (e) the condjdes of the tibia 

4 According to the presence or absence of the perichondrium 

REGENERATION IN CARTILAGE DEFECTS OF VARIOUS TYPES 

CaitiJage Defect Though the Sufeificial Layeis — Eight joints were used in 
this studj"^, divided as follows five knees, two elbows and one wrist A sharp 
scalpel was used to pare off the superficial layers of cartilage Three dogs were 
killed m eight w'eeks, two m four weeks, one in two weeks and two in one week 

Gross examination re\ealed no evidence of healing in the one and tivo week 
specimens The greatest amount of healing in the four week specimens was in 
the external condyle of the tibia Here there w'as noted a definite infiltration of 
the defect wuth fibrous tissue The evidence of repair in the eight w'eek specimens 
W'as more marked than in the four week ones All of the defects m the cartilage 
were clearly ascertained and the presence or absence of attempted repair w'as noted 

The microscopic sections were satisfactory m twenty-seven of the tw'enty-nine 
areas studied Five of the seven eight week 'sections showed regeneration The 
clearest evidence of the regeneration of hj'ahS^cartilage w’as noted in the head 
of the radius m one of the eight week sections, there were many large, deeply 
stained new' cartilage cells, irregularly placed along one border of the cartilage, 
between w'hich could be seen fibrils and in this fibrillar structure some blood 
vessels Another eight week section of the head of the radius showed manj' young 
cartilage cells in the superficial laj'ers about one corner of the defect An eight 
w'eek section of the low'er intercondjlar portion of the humerus presented some 
deeply stained branching cartilage cells, intermingled with loose connective tissue, 
W'hich w'ere regarded as evidence of regeneration In eight week sections of the 
low'er end of the radius and the semilunar bone, it was possible to see new', multi- 
nucleated, deeplj stained cartilage cells Three of the eight four week sections 
showed large quadrilateral cartilage cells on the surface of the defects It was 
thought that these might represent an attempt at the formation of new' cartilage 
cells One tw'O w'eek section of the external condyle of the tibia (fig 1), showed 
the defect filled w'lth fibrin and granulation tissue, m w'liich w'ere some areas of 
new' fibrocartilage This defect was adjacent to the margin of the hj aline car- 
tilage, and it appeared that the new fibrocartilage had originated from the old 
fibrocartilage that is normally present in this region The cell columns of the 
deep hj'aline cartilage laj'ers on the side of the new' fibrocartilage had turned 
their lines of axis toward the defect This w'as thought to represent an earh 
process of regeneration There w'as a marked proliferation of perichondrium 
o\er the defect in one four w'eek section of an internal cond\lar ridge, and this 
W'as also present m less degree in a four week section of the internal condole of 
the femur A defect in a four w'eek section of the internal condole of the tibia 
was partiallj' filled with fibrous tissue, w'hich contained some cartilage cells 
(fig 2) One two week specimen of the external cond\le of the femur, showed 
the defect filled with fibrin and pus cells, which had the appearance of undergoing 



144 


ARCHIVES OF SURGERY 


an organization into granulation tissue One four week snpnmpn 
conwe of .,b.a and one .wo week »Pec.n.e.ror.t e” ndS TS 
clefts in the cartilage, the former filled with fibrous tissue and the latter fill a 
w.ft fibrn. F.b„„ eonid be seen filbn* the defects .r^ght wLVsp^Is 
three two week spec, mens, and one one week specimen Almost all of thLechons 
showed a depression and irregularity of the cartilage edge, which took a pal“.m 
and presented evidence of fibrillation and disintegration of the inatrix 

CaUiIage Defect Though to the Calcified Mat, ix were ele^en joints 
used in this study, divided as follows seven knees, two elbows and one wri=t A 
sharp scalpel was used to pare off the cartilage down to the hard calcified matrix 



FIS' 1 — Regeneration of cartilage after two weeks in a defect extending 
through the superficial layers of the external condyle of the tibia (section 12 f 
under low power) A, area of new fibrocartilage , B, granulation tissue and con- 
nective tissue filling the defect, C, cartilage cell columns of deep layers bending 
toward the defect 

Two dogs were killed in twelve weeks, three m eight weeks, three in four weeks, 
one m two weeks and two in one week 

On gross examination, there was no evidence of healing in less than four 
weeks The best evidence of healing was observed in the internal condile of the 
tibia and the lower intercond 3 dar space of the femur The patellar surface in both 
of the twelve week specimens showed a definite smoothing off of the denuded area 
The other denuded areas which showed healing were covered with a definite 
fibrous tissue growth The scaphoid bone of the wrist in the eight week specimen 
presented excellent evidence of healing 
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The microscopic sections were satisfactory in fifteen of the sixteen areas 
studied All of the twelve week sections, one eight week section, and one four 
week section showed definite evidence of the regeneration of cartilage with the 
presence of new, deeply stained, large, multinuclear cartilage cells No regenera- 
tion of hyaline cartilage was noted in less than four weeks The new' cartilage 
cells were found in a proliferation of connective tissue along the denuded margin 
of the patella in three sections, tw-o of tw'elv'e weeks and one of four weeks (figs 
3 and 4) There were new cartilage cells adjacent to an increase in hv aline 



Fig 2 — Regeneration of cartilage after four weeks m a defect through the 
superficial layers of the internal condyle of the tibia (section 10 e, under high 
power) A, connective tissue pannus on surface of the defect containing spindle 
cells, R, mpple-hke process of connective tissue extending into cartilage, containing 
ov^al cells and new cartilage cells, C, line of calcified matrix 


matrix along one condjlar ridge, two patella margins and one scaphoid margin 
This new hj aline matrix was lighter stained than the old matrix, and in some 
places had a fibrillar appearance It apparenth had been produced bv the new 
cells All of the fibrous pannus covering the denuded cartilage was well vas- 
cularized A great manv pale-staining, disintegrating islands of cartilage were 
observed along the outer edge of the proliferating tissue There were also some 
islands of bone along this edge This bom structure did not take as unirorm a 
stain as the normal bone ilost ot the exposed edges oi the cartilage showed a 
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fibrillation of the matrix with an extremely light stain Some of the denuded 
areas of the patella and olecranon fossa of the ulna presented areas of fibro- 
cartilage adjacent to »vhich was a proliferation of fibrous tissue containing car- 
tilage cells Deeply stained fibrin partially filled the defects m two of the one 
week sections 

Cajtilagc Defect Thiough to the Stibchoiid) al Botte— Six knee joints were used 
m this study The defects were made through the superficial and calcified cartilage 
layers with a small perforating burr about 5 mm in diameter Three dogs were 
killed in twelve weeks, two in four weeks and one in two weeks 

On gross examination, all of the defects in the twelve week specimens could 
be clearly recognized and showed evidence of healing The two defects in the 
external cond 3 le of the tibia showed the largest amount of healing In none of 



Fig 3 — Regeneration of cartilage after four weeks in a defect through to the 
calcified matrix in the patella (section 7 a, under low power) A, pale-staining, 
disintegrating island of cartilage surrounded b} connective tissue, B, new cartilage 
cells on edge of connective tissue pannus , C, new cartilage cells surrounded bv new 
hj aline matrix along edge of calcified matrix, D, area shown in figure 4 with 
high power , E, bone nodule embedded in connective tissue pannus , F , blood vesse 
growing from subchondral marrow into connective tissue pannus, G, subchondra 
marrow surrounded bv normal bone 

these, however, was there the normal glistening appearance of the adjacent non 
traumatized cartilage Fibrous tissue could be seen filling these defects ranu a 
tion tissue filled the defect of one four week specimen One twelve week 
ment showed a defect in the external cond 3 de of the tibia to be well ^ 
fibrous tissue, while a defect m the internal condjle of the tibia shove 
tissue in much smaller amounts 
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Twelve of the seventeen microscopic sections studied were satisfactory As 
was to be expected from the macroscopic appearances, the tuelve week sections 
presented the greatest amount of regeneration Three of these sections showed 
deep!)’- stained, multinucleated cartilage cells (fig 5) Fibrocartilage adjacent to 
areas of connective tissue containing cartilage cells uas observed in contact with 
these areas of new cartilage cells (fig 6) The defects were all well filled with 
connective tissue, wFich became more compact as the edge of the defect was 
approached There w'ere many detached islands of cartilage and bone in and on 
the surface of the defects These apparentlj' had been broken off bj" the burr in 
creating the defects These islands of cartilage w'ere poorh stained, showed dis- 
integration, and in places w^ere contiguous to fibrous tissue and cartilage cells, 



Fig 4 — Regeneration of cartilage after four w^eeks in a defect through to 
the calcified matrix m the patella (section 7 a, under high powder, area D in 
figure 3) A, joung multinucleated cartilage cells, B, connectue tissue fibers in 
new" Inahne matrix, C, normal calcified matrix, D, proliferation of connectue 
tissue from the subchondral marrow" into fibrous pannus on surface, E, normal 
bone 

suggesting an earh formation of fibrocartilage The edges of the In aline matrix 
adjacent to the defects were bent oyer and of hooklike appearance They presented 
a pale-staining matrix and cells yyith a border shoyyiiig disintegration and fibrilla- 
tion In one tyyehe yyeek specimen, the bony edge of the defect shoyyed eyidence 
of bone repair This margin yyas sharply demarcated and coyered by fibrocar- 
tilage In one four y\ eek specimen, all defects contained a moderate amount oi 
fibrin, pus and granulation tissue yyhich yyas taken to be an eyidence of iniection 
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This joint, grosslj'-, contained a thick stickj’^ exudate Some of the sections in this 
joint presented areas of cartilage cells in fibrous tissue adjacent to fibrocartilage 
In many sections there was a definite proliferation of connective tissue into the 
defects from the bone-marrow One four week section of the upper intercondylar 
space showed a fibrous lajer covering the defect continuous with a fibrous cover- 
ing of the cartilage on both sides, which was believed to be a perichondrium 
Many of the sections presented an extension of the fibrous tissue from tne defect 
over the edge of the adjacent cartilage There was evidence of fragmentation of 
the underlying bone in most of the defects, which did not take a normal stain 
Caitdage Ti aumatiscd by Duect Foicc — Six joints were used in this study 
\fter the knee had been exposed, the joint was fully flexed with the patella 



Fig 5 — Regeneration of cartilage after twelve weeks in a defect through to 
the subchondral bone in the internal condyle of the tibia (section 2 d, under low 
power) A, area of new’’ hj’aline cartilage showing large, multinucleated cells 
and light matrix, B, new fibrocartilage, C, cartilage cell columns of deep layers 
bending toward the defect, D, healed margin of calcified matrix and bone lining 
the defect 


dislocated to one side The cartilage over the lower condjlar ridges of the feniuc 
was then traumatized by vigorous pounding with a small metal hammer for one 
minute One dog was killed in twelve weeks, three in four iveeks and one 
one week ^ 

On gross examination, the cartilage over the condjlar ridges of the 
week specimen appeared to be flattened In all of the four iveek 
cartilage showed little or no gross evidence of trauma The one week speci 
showed evidence of trauma 
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llic niicio^copic stclioiis finin clL\Ln specimens wcic s.ilisf ictoi \ Definite 
e\iclcnce ol tlic icmnei ilion of in aline eartiliRc nas present in two specimens, 
one of twelee weeks micl one of four weeks Acsts of new c irtilage cells conic! 
be clcmonslnted tikine .i deep si im on the mtern.il iidge of a twehc week section 
One bordei ol the inalme matrix was coeered In a fibrous la\ci, winch was 
tlionght to be pei icbonelrimii J he outer la\er of Inalme caililage showed mane 
long spmdled-slnped c util me cells m m iriegiilir arr mgenient beneath the ])eri- 
clioiidriuni 1 hese were thnughl to reiireseiit new caitihge cells, differentiating 



Fig 6 — Regeneration of cartilage after twehe w'ceks m a defect through to 
the subchondral bone in the lower mtercondjlar space of the femur (section 3 d, 
under high power) A, large new', niultimicleated cartilage cells m new, hght- 
staming matrix, D, new fibrocartilage adjacent to new' Inalme cartilage, C, car- 
tilage cells in connectne tissue (coniiectne tissue cartilage) adjacent to new 
fibrocartilage 

from the perichondrium, as w'as sliowm by Haas m his costal cartilage experi- 
ments On the internal ridge of the four week section could be seen many w'ell 
stained, large new' cartilage cells In all of the sections there w'as observed an 
irregularitj of the cartilage margin along the traumatized ridges with fibrillation 
and extremely light stained matrix In four of the condjlar ridges there w'ere 
breaks in the cartilage matrix with long clefts extending obliquely down to the 
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calcified matrix In two sections, the line of the calcified matrix was depressed 
and broken (fig 7), and this was felt to have been caused by the trauma Some 
of these clefts contained fibrin and small bits of pale- staining, disintegrating 
hj^aline matrix, as also did some of the indentations on the surface of the ridges 
The perichondrium, when present, was lifted up, and in one section red blood cells 
showed between this and the matrix In two sections, there was a marked local- 
ized thickening of connective tissue, containing fibrocartilage in the form of a 
protrusion from the h\alme matrix This was thought to be a reaction to the 
trauma In one section, there was disintegration of the traumatized area into 
cartilage cells and fibrils with the formation of fibrocartilage This vas taken 
to be a reversion of tvpe from hjahne cartilage to fibrocartilage In all cases 
in which a perichondrium ivas present, this ended at the traumatized ar^a In 



Fig 7 — ^Regeneration of cartilage after one week in external condilar ridge 
of the femur traumatized b> direct force with hammer (section 13 g, under low 
power) A, indentation of the cartilage filled with fibrin , B, fibrin on the sur 
face of the cartilage with break in the matrix beneath, C, broken and depresse 
edge of calcified matrix, D, fragmentation of bone 

one tour iveek specimen nhich showed grossly a thick exudate in the joint aii^ 
was thought to be infected, the traumatized condvlar ridges presented a mar e 
depression extending into the subchondral bone An absorption of the car i a 
had occurred, and the defects were filled with well lasculanzed granu ation 
containing islands of pale-stainmg, disintegrating cartilage, pus and nn 
underlying bone w’as poorij stained and looked necrotic Connectn e tissue 
the bone-marrow could be seen penetrating into the spaces The picture w 
different from that seen m the other sections in this group, that tie reac i 
undoubtedl} due to the element oi infection added to the trauma 
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R1:GI:M RATION IN' CARIILAGI DI I LC I S AIT HR 
\ARIOUS LAPSrS 01 mil 

Aftii ludvi JI (</t — niL\cii dcfLCls were produced in tlircc dificrcnt knee 
joints In tince of these tlie defect w is made tliroup:Ii to tile calcified matrix 
with a scalpel and in seven tliroiigli to tlie siihclioiidr il hone with a burr, in one 
the condviar ridges of the femur were traiimatiml with a h immcr 

On gross e\ammatioii, the best evidence of liealmg of the defects was in the 
external condvle of tlie tibia 1 lie defects here weie mule into the snliciiondral 
bone and were filled witli fibrous tissue The next best evidence of licahng was 



Fig 8 — Regeneration of cartilage after tw'elve w'eeks in a defect tbroiigh the 
superficial lajers m the internal condjiar ridge of the femur (section 3 b, under 
low' povv'er) A, area of hjperplasia of new cartilage cells and matrix, showing 
a protrusion from the cartilage edge 

in the internal condjlc of the femur, wdierc the defect had been made into the 
subchondral bone There w'as definite evadence of healing m all of the defects 
examined 

The microscopic sections from ten of the eleven areas were satisfactorv In 
seven of the ten there was definite evidence of the formation of new hvalme 
cartilage In three of these there were areas of new hyaline cartilage adjacent 
to new fibrocartilage which, in turn, was adjacent to areas of cartilage cells in 
connective tissue (fig 6) In two sections, a proliferation of new hyaline matrix 
could be seen surrounding the new cartilage cells All of the defects contained 
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well ^ascularlzed connective tissue One defect made into the subchondral bone 
m the internal cond}de of the femur was apparently lined with a well demarcated 
and well healed bone margin (fig 5) There were pale-staining and disintegrating 
cartilage edges and cartilage nodules in the defects 

Aftei Eight Weeks — Ten defects were created m this study in two elbow 
joints and one wrist joint In seven, the defect was through the superficial carti- 
lage la\eis, and in three through to the calcified matrix 

Gross evidence of healing was present in six of the ten defects The healing 
did not appear complete, and in some there was evidence of a proliferation of 
fibrous tissue 

The microscopic sections from all ten areas were satisfactory In six of the 
ten, there was evidence of the formation of new hyaline cartilage The best 
regeneration was observed in a defect through to the calcified matrix on the radial 
surface of the scaphoid of the wrist In this section, along the edge of the 
incised Iia aline matrix could be seen a lighter stained, new hyaline matrix having 
a fibrillar appearance, in which were contained man}' nests of new, irregularh 
placed, deeply stained, multmucleated cartilage cells The next best area of 
regeneration was in a superficial defect on the head of the radius, in which new 
cartilage cells were found surrounded by a matrix having a fibrillar appearance 
Young cartilage cells were also found m defects on the posterior surface of the 
humerus, on the lower end of the radius, on the head of the radius and on the 
ladial surface of the semilunar bone of the wrist There were cartilage cells in 
a fibrous pannus in the defects on the olecranon fossa, where the cartilage is 
normally found to be fibrocartilage Some fibrin and fibrous tissue were present 
in some defects 

Aftei Foiti Weeks — Twenty-five defects were produced m four knee joints 
In eight, the defect was through the superficial cartilage layers, in four through 
to the calcified matrix and in six through to the subchondral bone, in six, the 
condylar ridges of the femur were traumatized with a hammer 

On gross examination, there was evidence of healing and repair in all of the 
areas The best attempt at repair was on the external condjle of the tibia 
Fibrous tissue filled some of the defects In one knee joint, in which a moder- 
ately thick exudate suggesting an infection was found, the defects appeared to 
be filled with granulation tissue 

Twenty-one of the twenty-five sections studied were satisfactory In two, there 
was definite evidence of the regeneration of hyaline cartilage In one of these 
sections in a defect of the patella through to the calcified matrix (fig 3), there 
was a marked proliferation of vascularized connective tissue from the perichon 
dnum on one side, and m this tissue were found islands of new hyaline cartilage 
cells and matrix along with some old, pale-staimng, disintegrating islands o 
hyaline cartilage Along the incised edge of the cartilage m another portion 
could be seen some new hyaline matrix containing new cartilage cells The 
section showing regeneration was m the internal condylar ridge which had eeii 
traumatized with a hammer The affected area showed a depression fille 
vascularized granulation tissue, pus, fibrin and old, disintegrating, pale-staining 
cartilage nodules On one border could be seen some well stained, multinuc 
new cartilage cells This section was from the joint containing the thick exu 
referred to In some of the sections there were large quadrilateral cartilage ce^^) 
previously described, which may have represented proliferating cartilage ce ® 
seven sections there were cartilage cells m connectn e tissue associated it i 
cartilage partiall} filling the defect Many disintegrating old carti age no 
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were obsLr\cd in the delects 1 iiere were fibrillation and disintegration of the 
matrix along the edges of the defect J he fibrous iianmis, when found filling the 
defect, showed main injected blood \csscls 

Aflii J ICO U'kIk — Ihirleen defects were piodiiccd in four knee joints In 
fine, the delect was through the superficial cartilage la\ers, in two through to 
the calcified matrix and in four throucih to the subchondral bone, in two, the 
coiuhlai ridges oi the lemur were trauniatired with a hammer 

Gross examination re\ealed no c\idcncc of healing in an\ of the defects 
Ihc imcroscoiiic sections oi ten of the thirteen defects were satisfactor\ In 
onK one was there an\ eeidencc ol attempted cartilaginous repair This was a 
section 01 a superficial defect on the external coiuKle of the tibia (fig 1) In this 
section, the detect was partialh filled with a loose fibrous pannus showing some 
hlood eessels and fibrin From one margin there had proliferated a new area of 
fibrocartilagc which was coniieeled with the fihrocartilage adjacent to the In aline 
cartilage on the extreme border oi the joint surf ice The cell columns of the 
dec]! la\crs ot In aline cartilage on one edge of the defect were bending toward 
the delect This was shown to he the case m some of Ilacblcr's-® experiments 
with regeneration of cartilage Four ot the sections showed fibrin partialh filling 
the delects with an occasional extraeasation of lcukoc\tcs Some of this fibrin 
apjiearcd to be undergoing an orgam7ation J he incised edges of the cartilage 
were gcncralh oi a pale slam and sliowcd fibrillation 

Iftii One If i</ — Fiiteeii defects were produced m two knee joints In nine, 
the defect was through the superficial laxeis and m four it was through to the 
calcified matrix, in two, the coiuhlir ridges were traumatized wath a hammer 
Gross examination showed no evidence oi healing in am of the defects 
The microscopic sections oi all fiiteen deiccts were satisfactorv There was 
no evidence oi regeneration of cartilage m am of these sections In four sections 
no changes could be noted In one section of the external condvle of the tibia, 
there were some dccplv stained cartilage cells on the surface which appealed to 
be of recent origin, but it was not thought that thev represented a regenerative 
reaction In lour sections, the delects were partialh filled with fibrin (fig 7) 
The traumatized cartilage edge was fainth stained and showed some fibrillation 

RnCCXLRATIOX I^ CARTILAGC DEFLCTS IX VARIOUS 
AREAS or THE KNEE JOINT 

In the Patella — defect was produced in eight patellae In two, the defect 
was through the superficial lavers, and in six it was through to the calcified 
matrix Two dogs were killed m twelve weeks, three m four weeks, one in two 
weeks and two in one week 

Gross inspection show'cd evadence of healing m two of the tvveh'e week speci- 
mens, and m one of the four w'cek specimens 

The microscopic sections of all eight specimens were satisfactorv There was 
evadence of regeneration of cartilage in three Two twelve w^eek sections shovv'ed 
new' cartilage cells m proliferated connectiv'e tissue, vvdnle one, in addition, show'ed 
new hv aline matrix surrounding the new' cartilage cells One four week section 
showed new' cartilage cells in a fibrous pannus, and also new' cartilage cells adja- 
cent to new' hvahne matrix along the incised cartilage edge (figs 3 and 4) One 
four vv'eek section shovv'ed the defect to be filled vv'ith a fibrous pannus containing 
cartilage cells and fibrocartilagc The fibrous pannus was all vv'ell vascularized, 
and in some sections this was clearlj a proliferation of the marginal perichon- 
drium The incised cartilage edges vv'ere faintlv stained, and shovv'ed evidence of 
fibrillation 
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In the Condyles of the Fcmm —A defect was produced in eight internal con- 
d3les, and six external condjdes in eight different knee joints The defect was 
through the superficial layers of cartilage in six, through to the calcified matrix 
in two, and through to the subchondral bone in six One dog w'as killed in twehe 
weeks, three in four weeks, two in two weeks and two in one rveek 

On gross examination, the most marked healing was noted in the twelve week 
defect of the internal condyle, which was made through to the subchondral bone 
Healing was noted in all of the four week specimens There was no difference 
betiveen the healing in the external, and that m the internal condjdes 

The microscopic sections of ten of the fourteen areas were satisfactory The 
four unsatisfactory sections were on the outer margins of the condyles where the 
cartilage is normallj'^ fibrocartilage There was no evidence of the regeneration 
of cartilage in any of the ten sections Two four iveek sections through the 
superficial lajers shoived large quadrilateral cells on the surface of the cartilage 
There were cartilage cells in well vascularized connective tissue m one twelve 
week section and one four 3 veek section of a defect through to the subchondral 
bone Fibrin was found partially filling some of the defects No difference could 
be ascertained m the power of regeneration in the tw'o condyles 

In the Condylai Ridges of the Fcimn — A defect w’as produced in the condjdar 
ridges of ten knee joints The superficial laj^ers of cartilage were removed in 
three, the cartilage was incised through to the calcified matrix in one, and it w'as 
traumatized with a metal hammer for one minute in six Two dogs were killed 
m twelve weeks, four m four w’^eeks, two in two weeks and two in one week 
On gross examination, the twelve w'eek and the four week specimens, in winch 
the cartilage was removed with a scalpel, showed healing Little evidence of injury 
could be demonstrated in the condylar ridges which had been traumatized with a 
hammer, however, some of these show'ed a flattening of the cartilage 

Sixteen microscopic sections were examined, six of wdiich show'ed only the 
internal ridge, six only the external ridge, and four both ridges New cartilage 
cells Were observed in three of the sixteen sections Three internal ridges and 
one external ridge show'ed this regeneration One tw'elve week section with the 
defect through to the calcified matrix showed new cartilage cells adjacent to an 
increase in hyaline matrix with a vascularized fibrous pannus filling the defect 
There were manv nests of new cartilage cells seen in a twelve week section trau- 
matized with a hammer 

In this same section were also seen spindle-shaped cartilage cells, irregular y 
arranged along the border, and this was thought to represent an early stage 
repair In one four week section of cartilage traumatized with a hammer, new 
cartilage cells were seen on one side of the defect, which was filled with a vascu 
lamed fibrous pannus, fibrin and pus cells No striking difference was note 
between the regenerative changes in condylar ridges traumatized w'lth a hammer 
and those in cartilage incised with a scalpel The changes found in the externa 
ridges apparently were the same as those found in the internal ridges 

In the Intel condylai Spaces of the Feinui — A defect was produced in 
upper intercondylar spaces and in six lower intercondylar spaces in eig 
joints The defect was through the superficial lajers of cartilage in one, 
to the calcified matrix in three, and through to the subchondral bone 
dogs were lolled in twelve weeks, three in four w'eeks, one in two wee s a 

111 one week , , 

Gross evidence of healing was found in all of the twelve wmek 
specimens In tw'o four week specimens, granulation tissue filled the e ec 
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The microscopic sections irom .nil ten specimens \sere satIS^actor^ In onh 
one twelic A\eck section ot i defect in the lower mtercond\Iar space through to 
the subciiondral bone was there am c\idencc of new cartilage cells (fig 6) This 
was adjacent to a \ascnlarized fibrous pamius containing cartilage cells and some 
new fibrocartilagc There were palc-stammg, degenerating nodules of h\ aline 
cartilage in this detect Six ot the otlicr nine sections showed cartilage cells 
either in a fibrous panntis alone or -issocnted with fibrocartilage A great man\ 
of the disintegrating islands of lu aline cartilage were also seen No difference 
was noted between the rcgcncratnc changes ot the upper and those of the lower 
intercond\lar spaces 

7; the Condoles oj fJit 7 ihta — \ detect was produced m sc\en internal con- 
d\les and eight external coudiles m eight knee joints The defect was through 
the superficial cartilage laicra in nine through to the calcified matrix in one, and 
through into the subchondral bone in fi\c Two dogs were killed in twehe weeks 
two in tour weeks, two in two weeks and two m one week 

On gross cxaiTiination the greatest amount ot healing was seen in the external 
cond^lcs This healing was more marked than that in an\ of the other areas of 
the knee joint There was no healing obsened in less than tour weeks In some 
defects there was a fibrous panniis 

The microscopic sections ot eleven of the fifteen specimens were satisfactorv 
There was evidence ot the regeneration ot cartilage in two twelve week sections 
with the detect through to the subchondral bone (fig 5) These showed new 
cartilage cells with a large amount ot fibrocartilage adjacent A well vascularized 
fibrous panniis filled one detect vvliith was lined bv a margin of healed bone In 
one superficial detect ot a two week section of the external condvle there was 
evadenct of earlv regeneration (fig 1) Some sections showed cartilage cells m 
fibrous tissue partiallv filling the detect The margins ot the hv aline matrix were 
lamtl} stained and presented evidence ot fibrillation 

In the Pci ichonduiim — In the earlier periods there was ahvavs an 
element of doubt as to whether articular cartilage was completely 
cot ered b\ an extension of the s} not lal membrane called perichondrium 
Hunter- spoke of demonstrating the penchondnum onlt with great 
difficulty and finding that it w as adherent Henle said that the 
epithelium was continued in a thinner later on the articular surfaces 
of the cartilage on tt hicli it tt as separated from the cartilage corpuscles 
b} a thin later of cellular tissue Toynbee wrote that the free surface 
of articular cartilage was covered b) sjnotial membrane, to which it 
was attached bt a cellular areolar-hke tissue The membrane from the 
central part of the cartilage showed scarcely an} appearance of areolar 
tissue, being translucent and nearly homogeneous in structure Soem- 

26 Henle, F G J Muller’s Arch, 1838, p 116 

27 Tovnbee, Joseph Researches Tending to Prove the Non-Vascularitv and 
the Peculiar Uniform Iilode of OrganizaUon and Nutrition of Certain Animal 
Tissue, etc, Philosophical Transactions of the Roval Societv, London, 1841, pt 1, 
pp 159-192, On the Structure of Svnovnal Membrane Covering the Surface of 
Adult Articular Cartilage, London J M 1 217, 1849 
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meiing and Bichat also felt that the synovial membrane covered the 
suiface of the articular cartilage Brodie agieed with Bichat and 
stated that wheie the synovial membiane was i effected ovei the articular 
cartilage it was thin and readily torn, but its existence might always be 
distinctly demonstrated by careful dissection 

Leid} ® Todd and Bowman and Ogston ° of the eailier waters 
weie of the opinion that the synovial membiane coveied only the margin 
of the aiticLiIai caitilage for a short distance Leidy wiote that it was 
present in the fetal state over the whole of the articular cartilage, but 
that after biith it Avas progressively destro}ed from the center to the 
circumference Ity pressure and attrition Magendie,"- Velpeau®^ and 
Ciuveilhiei were of the same opinion Fisher®^ wrote that the 
central area of the articular cartilage had no perichondrium The super- 
ficial stratum consisted of flattened cells arranged in groups parallel to 
the surface The immediate surface was formed of the matrix This 
superficial la}ei showed no signs of degeneracy or diminished vitality 
He further stated that the lateral area of articular cartilage was corered 
by a delicate extension of the synorual membiane, -which toward the 
center was a close set layer of endothelial cells, which subsequently 
produced hyaline matrix Davis,®® StiangeAvays,®" and Ito^® stated that 
there rvas no membiane on articular cartilage In the textbooks on 
anatomy of Giay®® and of Schafer,®® it is wiitten that the articular 
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caitilagc IS co\ciecl b} s}noMal membiane, except wlieie the opposed 
aiticulai ends of bones aie exposed to fiiction 

With the study of the sections foi icgcneiative changes in caitilage, 
a caicful seaich was made foi eMdence of a fibiocellulai la3ei similai 
to the S3noMal membiane coveiing the aiticiilai caitdagc, nhich might 
be called a peiichondiium When this was found to be piesent, an 
attempt \vas made to deteimine wdiethei this peiichondiium plaved an3 
pait in the foimation of the reparatne tissue Of the sei ent3 -loui 
sections fiftN-nine w'eie satisfactoiy foi deteimming the piesence oi 
absence of a pcrichondiium Foui of the fift3-nme show^ed evidence of 
a peiichondiium acioss all oi most of the caitilage bordei 

1 0\er one evtenni conch Ic of the tibia, winch was adjacent to the posterior 
margin of the cartilage, there was a definite thin fibrous membrane coiering the 
whole edge ol the cartilage matrix, which, howeier, became thinner towards the 
center Elongated branching cells were present on the cartilage side ot this lajer 
These cells were separate and distinct from the superficial cartilage cells In one 
place, this membrane was stripped back from the underhing cartilage, and showed 
clearh the fibrillar and cellular structure 

2 There was a thin fibrous membrane o\cr both cond\Iar ridges in a tw'ehe 
week section of cartilage traumatized with a hammer In the interconch lar space 
there was a ligamentous attachment, which was thought to be the attachment of a 
crucial ligament The fibrous lacer o\cr the cartilage in this section might haie 
been a reaction to the trauma or an extension from the adjoining ligament, and 
might not ln\c represented a true perichondrium continuous wnth the SMiovial 
membrane SeggeP* said that when the defect lav close to the insertion of a 
crucial ligament there was a secondar} connective tissue pannus proliferated over 
the cartilage, which might explain the fibrous laver over the cartilage m this 
section 

3 In a four week section of the external condjlar ridge traumatized with a 
hammer, a fibrous laver could be seen covering the cartilage on both sides of the 
ridge, but not over the maximuin point The possibility here is that the fibrous 
laver represented a true perichoncliiuin but had not been exposed to pressure and 
friction 

4 In a four week section of the upper intercondv lar region, in which the 
defect was made through to the subchondral bone, there could be seen a dark 
staining fibrous laver, containing long spindle cells, extending over all of the 
cartilage margin and defect, which apparently was in no way connected with the 
underljing cartilage or the connectwc tissue filling the defect The cartilage in 
this section w'as in the uppermost portion of the intercondv lar space close to the 
margin of the joint, and again had probably not been exposed to friction and 
pressure 

In twentj-six, or 47 per cent, of the remaining fifty-five sections a peri- 
chondrium could be demonstrated over the outer margin of the cartilage When 
the defect was close to this margin, there W'as a proliferation of fibrous tissue of 
the perichondrium into the defect Thus, the perichondrium was here taking a 
definite part in the regeneration Many of the injured joint areas were not 
adjacent to the cartilage edges, so that an evidence of a marginal perichondrium 
would not be looked for The superficial margin of the cartilage took an 
extremelv dark stain m sixteen, or 29 per cent, of the fifty-five sections In 
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places, the most superficial, nonnucleated layer of the cartilage was stripped up 
and It could easily be seen how this might be mistaken for a perichondrium' 
2 he fibrous tissue, filling the defect in its outer portion, had proliferated for a 
short distance over the adjacent edge of the cartilage in seven, or 13 per cent, of 
the fifty-five sections 

In conclusion of this part on the peiichondimm, it can be stated that 
the aiticular caitilage studied presented a peiicliondrium only over the 
margins of the articular edges and in those areas not exposed to pressure 
and friction There was evidence of this perichondrium’s taking a 
definite part m the regenerative changes of the caitilage in the lateral 
defects but not m the central defects 

COMMENT 

MacroscoiDic evidence of healing is not to be noted in the defects of 
si^ecimens before four weeks After four weeks oi more, the defects 
showing any reparative changes look as if thei ha\e been filled with 
fibrous tissue No one of these is covered by tissue having the normal 
glistening appearance of cartilage In some specimens, especially m 
those in which a sticky exudate is present in the joint, the tissue filling 
the defects looks like granulation tissue The best gross evidence of 
repair is m the external condyle of the tibia The only explanation of 
this observation is that eithei the defects have been made close to the 
margin of the cartilage, or there has been an increased stimulation to 
effusion of fibrin followed by oiganization and the formation of con- 
nective tissue, owing to the better circulation in the articular vascular 
circle or in the capillary convolutions of the subchondral bone adjacent 
to this region of the knee 

Most of the previousl)’’ reported expel imental work has been con- 
cerned with the regeneration of cartilage in defects made through to the 
subchondral bone There are few references to the regeneration of the 
superficial layers of cartilage The results of my experiments show 
that when the defects are made only in the superficial layers of cartilage, 
five of the seven eight week specimens show regeneration, as manifested 
by the presence of new, laige, multinucleated cartilage cells The head 
of the radius stands out as the area in the elbow and wrist with the 
most complete regenerative changes In three of the eight four wee 
specimens, there are some laige, distended-looking, quadniatera 
cartilage cells It is thought that these are plajmg some part in t e 
reparative changes The same type of cells wms described by Pennis 
(1904) One two week section shows a tuining of the lines of axis 

40 Pennisi, A Sul processo di quarigione delle fente delle cartilagini, Pol 
clinico (sez chir ) 11 489, 1904 
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obseived, svu rounded by and intimately connected with fibious tissue 
The maigins of the caitilage adjacent to the defects all show larious 
degiees of fibiillation and disintegiation, and aie veiy lightly stained 
In some of these aieas of disintegiation theie are aieas of legeneration 
with new caitilage cells and new matiix This was observed by Gies^^ 

The caitilage tiaumatized b\ pounding with a metal hammei shovs 
definite regeneiative changes Laige new caitilage cells aie seen on the 
internal condylai iidge of one twelve week section and one four week 
section These new cells are nexei found m the superficial layeis ot 
cartilage, but aie in the adjoining la}eis In some sections theie is an 
inciease of hyaline matiix about these cells The maigiii ot the cartilage 
is geneially faintly stained and piesents a disintegiating bolder xvith 
small caitilage cells In m3 experiments, all of these neu areas ot 
caitilage foimation aie well ciicumsciibed SeggcP^ mentioned tins 
tact Fishei,®^ aftei tiaumatizing cartilage foi two minutes wnth a 
hammei, found no change after five xveeks This is not in accoid xvith 
my obseivations Many of the sections show clefts in the cartilage due 
to the tiaunia These clefts are filled with pale-staining, disintegiating 
caitilage nodules and filiiin undei going oiganization into gi aiiulatioii 
tissue In tw^o sections a localized connective tissue thickening is present 
oxei the maximum point of the ridge, wdiich contains fibiocaitilage 
This is undoubtedl}'^ a leaction to the tiauma The specimen ot a knee 
filled with a thick stick}'’ exudate, suggesting an infection, shows a 
similaiity to the expeiimental case of Fishei,^^ in wdiich he injected 
Sti eptococcus <;ahvauns in bioth cultuie into a knee piexiously trau- 
matized w'lth a hammer He found that the knee w'as filled wnth cieamv 
pus that the synoxial membiane w'as conveited into gianulation tissue 
and that theie x\as some absoiption of the articulai caitilage In nw 
specimen there was complete absorption of the articulai cartilage oiei 
the traumatized aiea wuth a piohfeiation of granulation tissue, pus and 
fibiin m the absoibed aiea 

The element of time requiiecl to show difteient t}'^pes of legeneia- 
tive changes in the cartilage has pioduced some interesting obsenatioiis 
The eaihest micioscopic evidence of lepaii is the fibiin foimation, ivhich 
is seen as eail}' as one w'eek (fig 7) Aftei two weeks m some of the 
sections theie is definite exidence of the oiganization of fibiui and of 
the occuiience of gianulation tissue (fig 1) These obseivations are 
mentioned b}' a great niaii}’^ investigators The gianulation tissue is then 
obseived to change into connective tissue, which is found in the four 
week sections (fig 2) In one thud of the four xveek sections caitilasO 
cells are present m connective tissue and fibrocartilage There is a 
seen a disintegration of bits of old, pale-staimng cartilage into con 
nectix'e tissue, w'hich then undergoes changes into connective tissue 
cartilage and fibrocartilage It is interesting to note from the work 0 
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Maichand-^ that the changes m perichondrium co^ered cartilage are 
essentiall} the same as those I tound in articulai cartilage There are 
definite er idences of neu cartilage cells in 70 per cent of the tu eh e u eek 
sections, 60 per cent of the eight ueek sections, and 10 per cent of the 
four week sections No new cartilage cells are seen in less than four 
weeks, however, in one twm week section (fig 1) there is a bending of 
the cell columns of the deep la3fers of the cartilage toward the defect 
with an area of new' fibrocartilage Man} of the four week and eight 
week sections showing new cartilage cells on the margin of the h} aline 
matrix (fig 3) shoAV a proliferation of new, finely fibrillai In aline 
martix about these new' cells This new' matrix apparenth has been 
tormed by the new cartilage cells themsehes This w'as obsened b> 
Haebler in superficial defects after 225 da} s 

The comparative stud} of regeneration in different areas ot the 
knee joint has not disclosed any one area which has greater regenerative 
powers than the others Probabh the best pictures of regeneration are 
to be seen along the denuded margins of the patella (fig 3) A pro- 
liferation of fibrous tissue from the adjacent svnovial membrane seems 
to play a large part In three sections of the patella, new areas of hv aline 
caitilage are to be seen in connective tissue, w'hich is adjacent to con- 
nective tissue cartilage In another section of the patella, fibi ocartilage 
is observed with connectiv'e tissue cartilage, but no new hv aline cartilage 
is seen The condjlar ridges of the femur have presented nests ot new 
cartilage cells in thiee sections (fig 8) The inteinal ridge has been 
the most frequentl} aftected These condjlar ridges, however do not 
show the cartilaginous callus Theie are not sufficient micioscopic 
sections of the condvles of the tibia to confirm the gross observations, 
namely, that the best ev'idence of repair is to be found in the defects in 
the external condyle of the tibia Two of the tibial sections show new 
cartilage cells in tvv'elv'e weeks, w'hile one two week section shows eail} 
changes but no new cartilage cells In the defects in the condvles of the 
femur and intercond} lar spaces, there are many ev'idences of cartilag- 
inous callus, but onlv one section show's new multi nucleated caitilage 
cells 

Haeblei found that after placing the legs of dogs in plastei follow - 
ing the creation of defects in the caitilage there was a definite dis- 
turbance of healing in the defects In m} experiments, all of the lomts 
were placed in plaster immediatel} after the operation, and the plaster 
was allowed to lemain on from one to two weeks The casts were then 
removed and the dog w'as allowed to move the joint The fact that the 
joints were immobilized foi this short time and the normal phvsiologv 
of the joints distuibed mav hav'e had an effect on the degree and 
amount of regeneration in the cartilage defects 
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SUMMARY AND CONCLUSIONS 

Experiments have been performed on the joints of fouiteen dogs in 
order that a study might be made of the regeneiation of the hyaline 
cartilage in supeificial and deep defects, and of the leaction of this 
cartilage to diiect trauma These dogs weie killed in fiom one to twelve 
weeks after the injuries to the cartilage The moie impoitant contribu- 
tions in the literature on this subject have been le viewed and con elated 
with the observations reported here 

The results of these studies show that hj aline caitilage in joints does 
not regenerate in less than fom weeks The best evidences of legen- 
eration are found m twelve weeks 

In these regenerative changes the following tissues have been 
observed to appear first, fibrin, second, gianulation tissue thud, con- 
nective tissue, fourth, cartilage cells in connective tissue (connective 
tissue cartilage) , fifth, fibrocartilage, and sixth, new hyaline cartilage 
Regeneration of hyaline caitilage has been found m supeificial 
defects not involving the subchondral bone The greatest amount of 
regeneration, however, is seen in those deep defects wdiich do imolve the 
subchondral bone 

Hyaline cartilage is obser\ed to react occasionally to diiect tiauma 
with a proliferation of nests of new cartilage cells 

No striking difference in the legeneiatne poweis of caitilage in 
different areas of the knee joint can be demonstiated 

No definite evidence of a perichondrium coAeimg the aiticulating 
surfaces of hyaline cartilage has been observed 

In these experimental studies theie ivas enough evidence of hypei- 
plasia of cartilage as a result of injury and trauma to justify further 
experimentation 

PROTOCOL or EXPERIMENTS 

Experiment 1 — The knee joint was used, and the defects were made with a 
burr through to the subchondral bone in the internal condyle of the femur and 
the external condyle of the tibia The dog was killed twehe weeks after the 
operation 

Internal Condyle of the Fcmui — On gross examination, the defect could be 
clearly seen and showed evidence of healing The microscopic section was cut 
through the center of the defect This center was filled with a w^ell-vascularized 
fibrous pannus At one edge in the fibrous tissue w'ere cartilage cells which 
appeared to have arisen from the deeper layers of the adjacent cartilage This 
fibrous tissue at one edge extended o\er the cut edge of the cartilage The carti- 
lage cells and the matrix were faintfi’- stained along the edges and the matrix 
show'ed beginning disintegration There was a hooklike projection of old cartilage 
into the fibrous pannus at one edge When the defect w^as being created with the 
bun, the cartilage most likely bent in at this point before breaking Over part o 
the defect extended a fibrocellular membrane wuth elongated fusiform cells, w’hici 
w as suggestive of a perichondrium Outside the fibrous pannus lay several nodules 
of bone and cartilage, wdnch were pale-staining and show^ed endence of disinte 
gration 
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External Coudvlc of the Tibia — On gross examination, almost complete healing 
was evident, the defect being recognized with difficulty The microscopic section 
was not cut through the traumatized area Over the whole cartilage area extended 
a thin fibrous membrane with fusiform cells, which became thicker toward the 
margins On the cartilage side of this, branching cells were seen These were 
distinct and separate from the uppermost cartilage cells In one place, this mem- 
brane had been stripped back and showed beautifull} the fibrillar structure and 
cells This was believed to be perichondrium 

Experiment 2 — The knee joint was used, and defects w^ere made with a 
scalpel and a burr in the patella, the condoles of the tibia and the lower inter- 
condylar space of the femur The condjlar ridges of the femur w^ere traumatized 
with a hammer The dog was killed twelve weeks after the operation 

Patella — The defect extended through to the calcified matrix On gross exami- 
nation, the surface of the patella was beginning to look smooth The microscopic 
section w'as cut through the center of the defect From the sjnovial membrane on 
one margin, there was a proliferation of connective tissue, which extended over a 
large part of the defect In the central portions of this, cartilage cells were seen, 
with early formation of hyaline matrix The cells were larger and looked more 
immature tow'ard the growing edge The connective tissue was well filled with 
blood vessels Along the margin of the incised hv aline matrix in another portion 
of the defect, there w'ere well demarcated areas of new hv aline matrix, which 
contained well stained, large new cartilage cells Over one side of the cartilage 
for a short distance was a thin fibrous membrane with blood vessels, which was 
believed to be perichondrium 

Coitdylai Ridges of the Femiu — The cartilage was traumatized with a hammer 
Gross examination showed the cartilage over the ridges to be somewhat flattened, 
but otherwise normal The microscopic section was clearh cut through the trau- 
matized areas The edges of the matrix over the ridges were famth stained and 
showed disintegration and fibrillation In the internal ridge were manv large 
nests of new cartilage cells with well stained nuclei These were not found in 
the superficial layers of cartilage but in the adjoining lavers The cartilage cells 
along some of the borders of the defect were spindle-shaped and had no regularitv 
of arrangement A fibrillar membrane containing fusiform cells covered most of 
the cartilage area, being absent over only one small area of the ridge This was 
continuous with the ligament attached in the intercondylar space, which was 
thought to be a crucial ligament 

Lowci Intel condylai Space — The defect extended through to the subchondral 
bone Gross examination showed that the defect was well filled with fibrous tissue 
The microscopic section was cut through the center of the defect This was well 
filled with a vascularized fibrous pannus with some disintegrating bone nodules on 
the surface On the edges of the defect was a fibrillation of pale-staming carti- 
lage, which was adjacent to fibrous tissue containing cartilage cells The fibrous 
tissue filling the defect extended over the cartilage on one edge The sjnovnal 
membrane extended over the cartilage for a short distance on one side Away 
from the defect, a break in the cartilage through to the bone-marrow could be 
seen, and this cleft was partially filled with vascularized connective tissue which 
had proliferated from the subchondral marrow 

Internal Condyle of the Tibia — The defect extended through to the subchon- 
dral bone (fig 5) On gross examination, there was definite evidence of fibrous 
tissue filling the defect The microscopic section passed through the center of 
the defect The defect was well filled with a vascularized fibrous pannus, and on 
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both sides could be clearly seen many nests of new, deepl} stained cartilage cells 
adjacent to fibrocartilage, which covered the whole inner margin of the defect 
The inner margin of the defect had a well healed calcified margin In the outer 
portion of the defect, there was an island of disintegrating cartilage adjacent to 
fibrocartilage The old cartilage had the appearance of disintegrating into fibrous 
tissue and then forming fibrocartilage There was a fibrillation of the outer 
margin of the original cartilage with a pale stain The fibrous tissue from the 
defect was growing oier one edge of the cartilage 

EiteiJial Cond\lc of the Tibia — The defect extended through to the subchondral 
bone On gross examination, it was seen that fibrous tissue filled the defect The 
evidence of repair was much more marked than that seen in the defect on the 
internal cond3le of the tibia The microscopic section showed onlj’- one edge of 
the defect The edge of the hj aline matrix was pale-stainmg and disintegrating, 
and showed an adjacent area of fibrocartilage between this and the bone In the 
h} aline matrix were some irregularl3’- shaped cartilage cells containing mam 
nuclei, which were thought to be new cells Between these new cells fibrils could 
be seen Many blood vessels were present m the neighboring fibrous pannus In 
the connective tissue about the fibrocartilage were many cartilage cells For a 
shoit distance from the defect theie was a proliferation of fibrous tissue over the 
cartilage edge 

Experiment 3 — The knee joint was used, and the defects were made with a 
scalpel and a burr in the patella, the cond3'lar ridges and the upper and lower 
intercondylar spaces The dog was killed twelve w'eeks after the operation 

Patella — The defect extended through to the calcified matrix Gross exami- 
nation revealed evidence of healing The microscopic sections showed a breaking 
aw'a3 of cartilage, in places, from the bone along the line of calcification The 
defect wms not filled wnth an3 tissue From one margin of the cartilage, the 
S 3 novial membrane, wdiich contained some spindle cells, had extended o^er the 
h^ aline matrix for a short distance Along this surface of the cartilage there 
were some deepl3 stained, new', multinucleated cartilage cells On one side, the 
matrix and the cells w'ere pale-staining, and the edge of the matrix looked fraied 

Condylai Ridges — The defect W'as made through to the calcified matrix 
(fig 8 ) Gross inspection showed evidence of healing, but the external ridge 
looked irregular The microscopic section passed through both defects The 
defects were filled w'lth a ^ascularlzed fibrous tissue pannus, containing no cartilage 
cells On the internal ridge, in the outer zone of the cartilage w'ere new, deeph 
stained, irregularh arranged cartilage cells The hj'aline matrix projected o\er 
this area The same new cells, m fewer numbers, w'ere present on the external 
ridge Some of the cartilage cells adjacent to the defects had a pale stain, and 
the matrix show'ed fibrillation In spots on the surface there w'as a dark-staining, 
nonnucleated la3 er of cartilage w'hich was thought to be onb' an outer laj er of 
cartilage 

Uppei Intel coiidviat Space — The defect extended through to the subchondral 
bone Gross inspection re\ealed evidence of healing The microscopic section was 
poor The defect was filled w'lth w'cll \ascularized fibrous tissue and granulation 
tissue The edge of the bone around the defect w'as well demaicated and we 

healed Some giant cells w'ere seen around the edges of the bone Along some 
of the borders were a few' large ce'ls in fibrous tissue, w'hich looked like cartila^.*^ 
cells 

Lozi'ci Intel condvlai Space — The defect extended through to the subchondral 
bone (fig 6 ) Gross examination show'ed eaidence of healing The inicro‘:copic 
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section passed through tlie defect, ^^hlch was filled with fibrous tissue and granula- 
tion tissue with mam blood vessels On one margin of the cartilage, the cell 
columns in the deeper la>ers bent their lines of axis toward the defect, adjacent to 
which were manj large, deeph' stained new cartilage cells Fibrocartilage w’as 
contiguous with these new^ cells, and connecti\e tissue containing cartilage cells was 
next to this On the outer edge of the cartilage, close to the new cells was pale- 
staming, disintegrating matrix Along the borders of the defect w'ere two old 
cartilage islands showing disintegration The fibrous tissue from the defect had 
extended oier the edge of the cartilage for a short distance 

Experiment 4 — The elbow' joint was used, and the defects w'ere made with a 
scalpel in the head of the radius, the olecranon fossa of the ulna and the posterior 
surface of the humerus The dog was killed eight weeks after the operation 
Head of the Radius — The defect extended through to the superficial la 3 ers It 
showed macroscopic eiidence of healing The microscopic section showed h} aline 
cartilage on three sides of bone The defect could be clearli ascertained About 
one corner of this were deep-stained cartilage cells with many nuclei intermingled 
with more hghtlj stained cartilage cells The former were thought to represent 
new cartilage cells The edges of the cartilage show'ed disintegration and fibrilla- 
tion with an irregular border and some debris attached The superficial la\er in 
spots showed deep staining and w'as nonnucleated Oier the hj aline cartilage for 
a short distance, on one side, there w'as an extension of the fibrous covering of the 
normal fibrocartilage This was the onh' e\idence of a perichondrium 

Olccianan Fossa of the Gina — The defect extended through to the calcified 
matrix klacroscopicallj , it showed definite eMdence of healing The microscopic 
section showed the olecranon fossa to be cmered on both margins with hi aline 
cartilage, but the mam portion of the indentation was coiered with fibrous tissue 
containing some cartilage cells The bone w'as extremeh compact and contained 
little or no marrow caiitj Along the margin of the bone w’ere many giant cells 
On the margin of the cartilage were the capsules of cartilage cells which ha\e 
been emptied of their nuclei Co^enng part of the hi aline cartilage w'as a small 
area of fibrous tissue wnth fusiform cells going into a deep-staining, nonnucleated 
superficial laier of cartilage This was the onli eiidence of a perichondrium 
In the hi aline matrix adjacent to the fibrous coiering were several deeplj stained, 
blanching cartilage cells, which it w'as thought might be embrjonic cartilage cells 
Postal tot Lozuei End of Huineius — The defect extended through the super- 
ficial laiers Gross examination revealed evidences of healing The microscopic 
section show'ed the defect clearlj In the defect, loose connective tissue was found 
with some deep-staimng, branching cells, which were taken to be embnonic carti- 
lage cells Between the connective tissue and the normal hv aline matrix was a 
lighter staining area of hv aline matrix This mav have been new matrix On 
one margin could be traced for a short distance a fibrous lajer which extended 
from the svnovial membrane This was the onlv evidence of a perichondrium 
There was a deep-staimng, nonnucleated border of cartilage to most of the matrix 
Experiment 5 — The elbow joint was used, and the defects were made with 
the scalpel m the head ot the radius, the olecranon fossa of the ulna, and the 
external and internal condvles of the humerus The dog was killed eight weeks 
after the operation 

Head of the Radius — The deiect extended through the superficial lajers Xo 
macroscopic examination was made The microscopic section showed the denuded 
area Over this defect extended a fibrous laver from the cartilage edge The 
superficnl portion of the cartilage showed an increased number of cartilage cells 
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which were deeply stained and irregularly placed, and between which in places 
were fibrils The adjacent hyaline matrix was faintly stained A few blood 
vessels were found in this new cartilage structure 

Olecianon Fossa of the Ulna — The defect extended through to the calcified 
matrix Macroscopic examination was not made The microscopic section showed 
the indentation of the fossa, which was filled with fibrous and granulation tissue 
In the fibrous tissue, adjacent to the bone, were some cartilage cells Hyaline 
cartilage was not present It is the impression after studying this section and the 
other one of the olecranon fossa that the bone here was normally covered with 
fibrocartilage 

External Condyle of the Hnincius — The defect extended through the super- 
ficial layers Gross examination was not made The microscopic section showed 
the depression in the cartilage In this defect no fibrin or connective tissue was 
present There was an extension of a fibrous membrane from the synovia for a 
short distance over the cartilage This was the onlj’^ evidence of a perichondrium 
Some lighter staining, w'avy areas ran longitudinally through the hyaline matrix 
beneath the incised area, these were thought to be artefacts 

Internal Condyle of the Hnincius — The defect extended through the super- 
ficial layers Gross examination w'as not made The microscopic section showed 
the defect clearly The margin of this was irregular and covered with fibrin and 
debris In the cartilage beneath, some elongated cartilage cells were present, but 
no new cartilage cells In places, the margin of the cartilage was deeply stained 
and had been detached The only evidence of a perichondrium was shown on one 
edge, where the fibrous tissue had extended for a short distance over the 
cartilage 

Experiment 6 — The wrist joint was used, and the defects were made with a 
scalpel in the scaphoid bone, the semilunar bone and the lower end of the radius 
The dog was killed eight weeks after the operation 

Scaphoid Bone — The defect extended through to the calcified matrix There 
was macroscopic evidence of healing The microscopic section was clearly cut 
through the defect A layer of hght-staming, hyaline matrix containing fibrils 
wms superimposed on the normal-staining matrix over the extent of the incised 
area Contained within this layer of lighter matrix, in places, were large, new, 
deeply stained, multinucleated cartilage cells Some of the nuclei in these showed 
beautiful mitosis and division Some of the new cartilage cells could be seen 
proliferating from the superficial cartilage cells The edge of the matrix was 
fairh^ regular Over the marginal edges of the hyaline matrix was a fibrous 
membrane, which was the only evidence ot a perichondrium 

Scnulnnai Bone — The defect extended through the superficial layers There was 
macroscopic evidence of healing The microscopic section showed an' irregular border 
to the incised area Along the margin of the matrix in the defect were manv 
large, deeply stained, multinucleated cartilage cells These were irregularly place 
and w^ere believed to represent a regeneration of cartilage Along the margin 
of the cartilage were many elongated cartilage cells Hyaline cartilage was on 
two sides of the bone, with fibrous and connective tissue on a third side There 
was no evidence of a perichondrium 

Lowei End of the Radius — The defect extended through the superficial lajers^ 
There was gross evidence of healing The microscopic section showed a eposi 
of fibrin and debris on the surface of the defect In this fibrin were some arge 
round cells w'hich w'ere similar to types of cartilage cells Along the sur a 
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were mam multinucleated, irregularh placed cartdage cells which did not take 
a deep stain These were new cartilage cells There was a transverse break in 
the whole of the cartilage matrix in the middle of the incised area There is a 
deep-staimng, nonnucleated, superficial lajer of cartilage, which m places had 
been stripped back and w'as broken At both marginal edges, the fibrous tissue 
extended for a short distance oier the cartilage and was continuous with this 
darkly stained superficial lajer This was the only evidence of a perichondrium 

Experiment 7 — The knee joint was used, and the defects w^ere made with 
the knife m the patella and w'lth the burr m the upper mtercondi lar space and 
the internal cond^le of the femur The condjlar ridges of the femur w^ere trau- 
matized with the metal hammer The dog was killed four weeks after the 
operation 

Patella — The defect extended through to the calcified matrix (figs 3 and 4) 
^Macroscopic examination was not made The microscopic section show^ed the 
incised area clearh Over about one half of the defect there was a proliferation 
of connectne tissue, w'hich had come from the S3no\aal membrane co\ering the 
outer margin of one edge of the hj aline cartilage This connective tissue pannus 
was thickest toward the center of the defect and graduallj’^ became thinner as 
the edge of the defect w^as approached It contained small islands of new hyaline 
matrix with new', deeph stainea, multinucleated cartilage cells Adjacent to these 
were cartilage cells m connectue tissue (connective tissue cartilage) Also con- 
tained in this fibrous pannus were small islands of old cartilage undergoing fibril- 
lation and disintegration, with faint cell nuclei The connective tissue was closelj 
adherent to these islands of old cartilage Small bits of broken off calcified matrix 
w'ere obseried in tlie connectne tissue pannus Along the incised border of the 
hj aline matrix not coiered w’ltli the connectne tissue, there were large, new, 
multinucleated cartilage cells surrounded b3 new', pale-stainmg matrix These cells 
appeared to haie arisen from the cartilage cells in the superficial la3ers The 
mitoses of the cell nuclei could be seen Blood %essels w'ere present in the con- 
nectne tissue pannus 

hppct Intel coiid\Iai Spaee of the Femni — ^The defect extended through to 
the subchondral bone Gross examination w'as not made The microscopic section 
passed through the center of the defect The defect was filled with a connectne 
tissue pannus, which was well \ascularized The pannus was thicker and denser 
tow'ard the surface ot the defect In the lower portion tow'ard the bone there 
were rather large, circumscribed spaces filled w'lth blood In the pannus were 
a few' pale-staimng, disintegrating islands of old cartilage to which the connectne 
tissue W'as closeb adherent The outer margins of these had a fibrillar appear- 
ance The edges of the 113 aline matrix on the sides of the defect projected The 
cartilage was faint-staining and show'ed fibrillation and was closelj adherent to 
the connectne tissue m these places The connectne tissue m these portions of 
the defect contained mam cartilage cells (connective tissue cartilage) On one 
side of the defect, the cartilage was bent down over the cut edge of the calcified 
matrix in a hookhke projection There w'as a dark-staimng fibrous la3'er con- 
taining long fusiform cells which extended over the fibrous pannus of the defect 
and the cartilage on both sides The continuiU of this was not broken, and it 
was m no w'ay connected w'lth the underljing cartilage in structure. This was 
beheied to be definitel3 a perichondrium 

Intel nal Condyle of the Femur — ^The defect extended through to the sub- 
chondral bone Gross examination was not made The microscopic section showed 
onlj one portion of the defect This portion was filled with loose connectne 
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tissue ^^hlch contained manj^ blood vessels The connective tissue vas denser oji 
the surface than toward the bony margin It was closely adherent to the h) aline 
matrix on one side, but did not extend over the cartilage The edge of the hyaline 
matrix vas faint-staming compared with the normal hyaline cartilage farther 
awa} There were man}" islands of pale-staimng, disintegrating cartilage in the 
connectne tissue pannus filling the defect In the connective tissue adjacent to 
the bone vere man} cartilage cells and some areas of early fibrocartilage The 
superficial layer of cartilage, which was nonnucleated, was stripped up for a short 
distance but was not deeply stained as had been so often observed There vas 
no ewdence of any fibrocellular la}er \\hich might be called a perichondrium 

Internal Condylat Ridge — The cartilage was traumatized with a metal hammer 
Gross examination was not made The microscopic section showed the traumatized 
area ]Most of the cartilage was covered by a rather thick fibrocellular layer 
vhich took a dark stain The cells were long and fusiform In one place, this 
fibrous la\er, which was thought to be a definite perichondrium, was lifted up 
from the matrix and there it had a few red blood cells beneath it The matrix 
here vas ot irregular contour and took an uneven stain The border of cartilaee 
not cohered bv the perichondrium showed fibrillation and disintegration There 
vas one long irregular break m the cartilage matrix, extending from the surface 
of the cartilage obliquely backward to the calcified matrix, the line of which it 
followed for a short distance In the widest part of this cleft were many irregu- 
lar sequestrations of cartilage with famt-staming matrix and cells, showing fibril- 
lation about their borders 

External Condylai Ridge — The cartilage was traumatized with a metal hammer 
Gross examination was not made The microscopic section showed clearly the 
traumatized portion of the ridge A fibrous la}er extended over the cartilage m 
the intercond} lar space, ended at the beginning of the prominence of the ridge, 
and vas continued again on the other side This was believed to be a perichon- 
drium The cells in this were long and fusiform The cartilage over the promi- 
nence of the ridge was somewhat disintegrated on the surface Parallel to the 
surface, in the middle la} ers of the cartilage, was a cleft, which was thought to 
be due to the trauma About this cleft, the cartilage took a distinctly lighter 
stain There was no large amount of fragmentation of cartilage, and no new 
cartilage cells were seen 

Experixiext 8 — The knee joint was used, and the defects were made with the 
scalpel and the burr m the patella, the external and internal condyles of the femur 
and the upper and lower intercondylar spaces The condylar ridges of the femur 
were traumatized with a metal hammer The dog was killed four weeks after 
the operation 

Patella — The defect extended through to the calcified matrix On gross exam- 
ination, a thick sticky exudate was found covering the patellar surface of the 
joint The microscopic section was not cut clearly through the denuded area 
The incised area, however, was partially covered with fibrous tissue, which con 
tamed some cartilage cells On one side of the defect a well formed area o 
fibrocartilage could be seen, with deeply stained cells and fibrils In the 
pannus were some areas of hyaline matrix, which showed disintegration i 
blood lessels coursed through the fibrous pannus 

External Condvle of the Feinin (Oiifei Side) — The defect extended througl^ 
to the subchondral bone Gross inspection showed it to be filled w'lth granu atio 
tissue The microscopic section confirmed this obser\ation and showed the presen 
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of fibrous tissue A few areas of fibrocartilage were attached to the bone The 
cartilage on this joint area was normally fibrocartilage Hyaline cartilage r\as 
not seen The fibrous pannus was well vascularized 

Internal Condyle of the Femur (Outei Side ) — The defect extended through 
to the subchondral bone On gross examination, the defect was found to be filled 
with granulation tissue The microscopic section showed no hyaline cartilage 
'Ihe defect was filled with granulation and fibrous tissue, containing many blood 
vessels Fibrocartilage was seen along the edges of the calcified matrix and along 
the bone margin of the defect 

Uppei Intel condvlai Space — The defect extended through to the subchondral 
bone On gross examination, a thick, sticky joint fluid with granulation tissue 
filled the defect The microscopic section passed clearly through the defect The 
defect was filled with granulation tissue containing many blood vessels On the 
suiface of the defect, much fibrin and many pus cells were found, with one large 
organized mass Pus and fibrin were also contained in the granulation tissue 
The edges of the cartilage on both sides wcic well demarcated, but were pale- 
staimng with fibrillation and disintegration Some of the connective tissue adja- 
cent to this cartilage contained cartilage cells There w'ei e no new hyaline cartilage 
cells piesent In the granulation tissue was an old, pale-staining, disintegrating 
nodule of cartilage which w'as being penetrated by the surrounding tissue Ihe 
connective tissue on one side of the defect extended for a short distance o\er the 
caililage edge The margin of the hyaline matrix showed some fibrillation and 
pale staining 

Loivci Into condvlai Space — The defect extended through to the subchondral 
bone Gross examination showed a thick, sticky joint fluid, with the defect filled 
by granulation tissue The microscopic sections showed the defect on one side 
of the cartilage The defect was filled with granulation tissue containing many 
blood vessels Pus and fibrin were found on the surface of the defect and 
extended over the edge of the hyaline cartilage As the edge of the bone and 
caitilage was approached, the granulation tissue changed into fibrous tissue This 
fibrous tissue contained some cartilage cells, and also some areas of typical fibio- 
cartilagc The surface of the defect showed rather compact fibrous tissue with 
blood vessels, which w^as similar to a perichondrium This, however, did not 
extend over the hvaline cartilage It was thought that the section was probably 
cut in that portion of the intercondylar space w’hich w’as adjacent to the border of 
the hyaline cartilage 

Internal Condvlai Ridge — The cartilage was traumatized with a hammer On 
gross examination, a thick, sticky exudate was found in the joint, wnth a depres- 
sion over the ridge The microscopic section was clearly through the traumatized 
area This area showed a depression into the bone wnth an absorption of cartilage, 
and resembled the areas made with a burr through to the subchondral bone The 
defect III the cartilage was filled with granulation tissue containing a large amount 
of fibiin and pus The surface of the granulation tissue, as well as the remaining 
cartilage, w as co\ ered wnth a thin layer of pus and fibrin A fibrous lay cr covered 
the defect and continued for some distance over the cartilage on one side The 
low'cr portion of this layer contained some cells that looked like elongated cartilage 
cells On one margin of the defect, the hsalme matrix projected into the granu- 
lation tissue, this projection took a pale stain and showed disintegration and 
fibrillation On the other margin of the defect was the same type of cartilage, 
which showed evndence of connectne tissue haring penetrated its outer border 
On the surface of this hvaline matrix w'cre large, well stained cells, which resem- 
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bled new cartilage cells In the matrix were small spaces that resembled lacunae 
There was a penetration of the granulation tissue filling the defect with connective 
tissue proliferating from the bone-marrow The tissue in the defect was well 
vascularized The surrounding bone did not take the normal stain and looked 
somewhat necrotic The remarkable fact about the section was that the tiaunia 
from the hammer had caused so much destruction in the cartilage and underljing 
bone With so much pus and fibrin there must have been infection The picture 
was piobably the result of the reaction to tiauma and infection Unfortunateh, 
the joint fluid was not cultured 


External Condylai Ridge — The cartilage was traumatized wuth a hammer 
Gross examination show^ed a thick, sticky exudate m the joint, wuth a depression 
over the ridge The microscopic section was cut through the tiaumatized area 
As w'as the case in the internal ridge, there wms a depression in the bone w'lth 
an absorption of the cartilage over the ridge This defect was filled wuth granu- 
lation tissue which contained a gieat manv blood vessels The cartilage w'as cov- 
ered W'lth pus and fibrin, wdiich extended over the defect and down into the 
granulation tissue The cartilage on the borders of the defect w'as pale-staming, 
showing faint nuclei and evidences of having been penetrated by connective tissue 
There w'as much fibrillation of this matrix The cartilage in this area did not 
take the normal stain It w’as in this region that there was evidence of a fibrous 
coat coveting the cartilage, w'hich had extended from the outer margins This 
W'as the only evidence of a perichondrium In the granulation tissue close to the 
bone margin was an island of old cartilage which took a pale stain and showed 
faint nuclei and evidence of having been penetrated by the granulation tissue In 
the cartilage matrix, several wide breaks were present, w'hich were due to the 
trauma There was a proliferation of the fibrous tissue of the bone-marrow up 
into the defect The bone itself took an extremely poor stain and looked necrotic 
The picture again was undoubtedly due to the trauma plus infection 

Experiment 9 — The knee joint was used, and the defects w'ere made with the 
scalpel in the internal and external condylar ridges of the femur, the lower inter- 
condylar space and the internal and external condvles of the tibia The dog was 
killed four w'eeks after the operation 


Intel nal Condylai Ridge — The defect extended through the superficial layers 
On gross examination, definite evidence of healing was found The microscopic 
section was cut through the maximum point of the ridge Over the w'hole ridge, 
there was a thick fibrous coat, which contained elongated fusiform cells If* 
places, the outer margin of this show'ed a cellular layer similar to the synovial 
membrane It was not certain w'hether this fibrous layer represented a perichon 


drium or was a manifestation of repair No definite cartilage cells were seen in 
its lower layers, as were sometimes seen when a perichondrium was present 
cartilage itself took a rather pale stain and showed fibrillation on the surface 
Some of the superficial cartilage cells w'ere well stained and had a disten e 
quadrilateral appearance It was thought that these might represent an earlv stage 
of new cartilage cells The line of the calcified matrix was irregular, an m 
places It had been penetrated by a proliferation of connective tissue from the su 


chondral marrow 


External Condylai Ridge — The defect extended through the superficial 
Gross examination showed some evidence of healing The microscopic se 
vas through the maximum point of the ridge There was one small 
of cartilage, covered by fibrous tissue, which maj' have been a regenerative c 
The edge of the matrix was slightly irregular and showed some disintCora 
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The superficial cartilage cells were faintly stained Some black detritus yas 
observed along the surface One margin of the cartilage was covered by a fibrous 
layer containing blood vessels, which was an extension of the capsule 

Lowe) Into coiidylai Space — The defect was made through to the calcified 
matrix Gross examination showed evudence of healing The microscopic 
section was clearly cut through the defect The defect had an irregular 
border on which the cartilage cells were of unusually large size Super- 
imposed on the cartilage margin was a layer of fibrous tissue, containing cartilage 
cells This took a dark stain in places At the terminal margin of the hyaline 
cartilage there was fibrous tissue containing cartilage cells and tjpical looking 
fibrocartilage It was believed that this was normal for the marginal edge of the 
hyaline cartilage 

Internal Co)idyle of the T-ibia — The defect extended through to the calcified 
matrix Gross examination showed definite evidence of healing The microscopic 
section was not cut through the defect and could not be included in the analjsis 
There was one rather interesting observation On the edge of the hj aline matrix, 
adjacent to the fibrous tissue w'as a well circumscribed and well demarcated blood 
space, which looked like a venule within hv aline cartilage 

Extonal Condyle of the Tibia — ^The defect extended through the superficial 
lajers Gross examination showed the defect to be well filled with fibrous tissue 
The microscopic section did not show the area denuded There was an extension 
of the fibrous tissue on one side over the hyaline matrix, which was the onh 
e\ idence of a perichondrium The most superficial layer of cartilage took a darker 
stain and contained elongated cells 

Experiment 10 — The knee joint was used, and the defects were made with 
the scalpel m the patella, the external and internal condyles of the femur and 
the external and internal condyles of the tibia The condylar ridges of the femur 
were traumatized by pounding with a metal hammer The dog was killed four 
weeks after the operation 

Patella — The defect extended through the supeificial layers Gross examina- 
tion show'ed evidence of healing The microscopic section was clearly cut through 
the denuded area Only the most superficial layers of cartilage were removed, 
about one fourth of the full thickness There was a slight irregularitv of the 
border of the defect No new cartilage cells were observed On one side, extend- 
ing from the edge over the hyaline matrix for a short distance was a fibrous laj er 
which contained some cartilage cells This was the only evidence of a perichon- 
drium Along the margin of the matrix m one place, some elongated cartilage 
cells w'ere seen, which were similar to a perichondrium 

External Condyle of the Femur — ^The defect extended through the superficial 
laj'ers Gross examination showed healing, with fibrous tissue attached The 
microscopic section was cut through the defect Along the margin of the incised 
cartilage, pushing the hv aline matrix out, v\ere one or two large cartilage cells 
w'hich were suspected of being new cartilage cells, but thej did not take a deep 
stain and were not multmucleated There was a great deal of debris along the 
margin of the cartilage On one margin, the fibrous tissue from the svnovial 
membrane extended over a portion of the hv aline matrix This was the onlv 
evidence of a perichondrium This fibrous laver had some cartilage cells in its 
lower portions 

Internal Condyle of the Temur — ^The defect extended through the superficial 
lavers Gross examination showed evidence of healing The microscopic section 
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showed that about one half of the thickness of the cartilage had been incised 
The margin of the incised cartilage was somewhat irregular with many faint- 
staining cartilage cells on the periphery Along the superficial portion of the 
defect were some large quadrilateral cartilage cells which may have represented 
an early stage in the proliferation of new cartilage cells On both lateral margins 
of the cartilage there was an extension of the fibrous tissue from the edges 
for a short distance This fibrous layer contained some cartilage cells in the 
deeper parts Blood vessels were seen in this perichondrium 

Evtenial Condyle of the Tibia — The defect extended through the superficial 
la 3 ers Gross examination showed evidence of healing, which was more marked 
than m a similar area in the internal condyle of the tibia The microscopic section 
showed that the defect reached through about one third of the thickness of the 
cartilage The defect showed an irregular and indented margin of cartilage 
There was some debris along the edge The edge of the matrix in the defect 
showed some disintegration, with a proliferation of oval and spindle cells in some 
places In the superficial layers, were a few large quadrilateral cartilage cells, 
deeply stained These were thought to represent new cartilage cells In the 
cartilage was a cleft in w»hich there was granulation tissue containing some spindle 
cells The fibrous tissue on one margin extended over the hyaline matrix for a 
short distance This was the only evidence of a perichondrium 

Internal Condyle of the Tibia — The defect extended through the superficial 
layers (fig 2) Gross examination revealed definite evidence of healing The 
microscopic section showed that the defect extended through about two thirds of 
the cartilage In the defect there was a proliferation of fibrous tissue, which 
extended into the matrix in two nipple-like processes Spindle cells were present 
in the outer portion of this and oval cells, of cartilage type, in the deeper portions 
In this deeper part were some areas of hyaline matrix which were adjacent to 
a pale-staining and fibrillating hyaline matrix of the main portion of the cartilage 
The impression was that the edge of the matrix showing the disintegration had 
been replaced with cartilage cells in fibrous tissue This newf tissue had arisen 
from the necrosis of the old cartilage No new cartilage cells were observed 
There was no evidence of a perichondrium 

External Condylar Ridge — The cartilage was traumatized with a hammer 
Gross examination showed little evidence of the trauma The microscopic section 
showed the maximum point of the ridge The margin of the cartilage over the 
ridge was irregular, wnth indentations which contained fibrin, leukocytes an 
debris A cleft extended down one half of the width of the cartilage T e 
calcified matrix beneath the ridge was broken in two places, and was irreguar 
In the cleft there was a proliferation of vascularized granulation tissue Over 
the irregular margin of the cartilage, the cells were faint-staming, and the matrix 
showed some disintegration Fibrous tissue extended over one margin o t e 
cartilage for a short distance This fibrous tissue was well vascularized 
was a proliferation of connective tissue from the bone-marrow up throug 
breaks in the calcified matrix New cartilage cells w'ere not observed 

Intet nal Condyla) Ridge — ^The cartilage was traumatized with a hamme^ 
Gross examination show'ed little or no evidence of the trauma The 
section showed the maximum point of the ridge In the matrix over ^ ^ 
were some oblique breaks Over the maximum point of the ridge, the e 
the matrix wms irregular There was some fibrillation of this edge, wi a 
leukocytes attached From the lateral margin of the ridge, extending over 
matrix, was a thick fibrous layer w'hich terminated at the maximum pom 
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ridge Between these fibrous lajers there was a protrusion of hyaline matrix and 
tissue The outward portion of this had the typical appearance of hyaline carti- 
lage, with matrix and cells, while the inner and central portion had a fibrillar 
appearance with spindle cells Along the superficial margin of the cartilage were 
some lacunae which it w^as thought represented disintegrated cartilage cells The 
cartilage cells were generally well stained The protrusion of cartilage and 
fibrous tissue was believed to be a reaction to the trauma 

Experiment 11 — The knee joint was used, and the defects were made with 
the scalpel and the burr m the patella, the external and internal condyles of the 
femur, and the external and internal condyles of the tibia The condylar ridges 
of the femur w'ere traumatl^ed by pounding with a metal hammer The dog w^as 
killed two weeks after the operation 

Patella — The defect extended through to the calcified matrix Gross exam- 
ination w'as not made The microscopic section was not cut through the defect 
and could not be used in the analysis 

External Condyle of the Femur {Outer Side) — Ihe defect extended through 
to the subchondral bone No gross examination was made The microscopic sec- 
tion was not clearly cut through the defect Along the margin of the bone was 
some fibrocartilage which was covered by connective tissue Hvaline cartilage 
was not seen 

Internal Condyle of the Femur (Outer Side) — The defect extended through 
to the subchondral bone No gross examination was made The microscopic sec- 
tion again was not clearly cut through the defect In connective tissue attached 
to the bone, a few cartilage cells were seen Hyaline cartilage was not found 
The connective tissue was well dotted with blood vessels 

External Condyle of the Tibia — The defect extended through to the sub- 
chondral bone Gross examination was not made The microscopic section was 
clearly cut through the defect The defect did not contain fibrin or granulation 
tissue The edges of the cartilage on both sides showed some fragmentation, with 
fibrillation of the matrix The matrix and cells along this border both took a 
pale stain In places, the hj aline matrix had loosened from the calcified matrix 
This was probably due to the fixing and cutting of the section Over the hvalinc 
matrix for a short distance on one margin there was a fibrous layer, which v\as 
the only evidence of a perichondrium The superficial edge of most of the carti- 
lage showed elongated cells, which m places took a dark stain and resembled a 
perichondrium 

Internal Condvle of the Tibia — The defect extended through to the subchondral 
bone Gross examination was not made The microscopic section was clcarh 
cut through the defect The defect was well filled with granulation and con- 
nective tissue On one side of the defect, pale-stammg cartilage projected into 
the granulation tissue The edges of this showed fibrillation and were intimatelv 
connected with the loose connective tissue Cartilage cells in tlie connective tissue 
extended from the projection of cartilage down into the defect Several pale- 
stammg, disintegrating islands of cartilage were present in the granulation tissue 
on the superficial side The tissue in the defect was well filled with blood vessels 
The bone in places was faintlv stained The palely stained edges of the cartilage 
and the connective tissue in the defect were in sharp contrast with the more 
heavilj stained normal cartilage 

Evternal Condvlat Ridge — The cartilage was traumatized v\ith a hammer 
Gross examination w^as not made The microscopic section show ed the ridge 



174 


ARCHIVES OF SURGERY 


clearl}^ At the maximum point of this ridge, there was a break m the cartilage 
m its superficial portion In addition there were several other oblique breaks run- 
ning into the matrix Fibrin vas found in some of these clefts m the cartilage 
The edge of the matrix was irregular, with the cells and the matrix taking a 
faint stain There was one large piece of cartilage which looked as if it was 
about to be broken off The connective tissue of the bone-marrow had proliferated 
into the hj^aline matrix m places On the outer margin of the cartilage was a 
short extension of fibrous tissue which contained blood vessels and was the onlv 
perichondrium present A dark-staining superficial layer of cartilage was seen 
m places, which was nonnucleated This appeared to be a perichondrium 

Internal Condylat Ridge — The cartilage was traumatized with a hammer 
Gross examination was not made The microscopic section showed the traumatized 
area clearlj" Over the maximum point of the ridge, there was a depression in 
the matrix, which took a pale stain The matrix also showed fibrillation of the 
margin, and a break in the cartilage down toward the bone This was believed 
to be due to the trauma There was some cell detritus over the margin of the 
matrix in the traumatized area Fibrous tissue extended over the cartilage from 
the outer margin and terminated at the beginning of the traumatized area The 
lower portion of this contained some elongated cells that looked like cartilage 
cells This was the only evidence of a perichondrium 

Experiment 12 — The knee joint was used, and the defects were made with a 
scalpel in the patella, the external and internal condyles of the femur, the condylar 
ridges of the femur, the lower intercondylar space of the femur and the external 
and internal condyles of the tibia The dog was killed two weeks after operation 
Patella — The defect extended through to the calcified matrix Gross exam- 
ination was not made The microscopic section tvas clearly cut through the defect 
The margin of the defect was somewhat irregular and had some detritus adherent 
to it The cells along the margin were generally well stained In places, how- 
ever, the matrix and the cells took a poor stain On one side of the incised area 
was a folded back piece of fibrous membrane which had long fusiform cells that 
looked like perichondrium, but this could not be tiaced over the margin of the 
cartilage The cells along the margin of the cartilage not m the defect were 
elongated There was an extension of a fibrous membrane over the margin of the 
cartilage from the edge for a short distance It was the onl}' perichondrium 


present 

External Condyle of the Fenvii — The defect extended through the superficial 
lajers Gross examination was not made The microscopic section showed the 
incised area clearl}’- This defect had a fairly regular margin and contained fibrin 
and leukocjdes In places, the fibrin looked as if it was undergoing organization, 


there being some long fusiform cells present 

There was considerable cell detritus between the fibrin and the hyaline matrix 
One budding cartilage cell along the edge looked as if it might be a new carti age 
cell In places, the superficial cartilage layer was deeply stained and contamc 
elongated cells parallel to the surface The synovial membrane was reflected or a 
short distance over the cartilage on one edge This ivas the only evidence of a pc'"* 


chondrium 

Internal Condyle of the Femui — The defect extended through the 
laiers Gross examination was not made The microscopic section showe on^^ 
the most superficial la^ ers denuded This defect w'as small and the 
the matrix was regular New^ cartilage cells were not present On one o 
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of the cartilage, a fibrous layer could be seen foi a short distance, %\hich contained 
blood vessels showing injection This w'as the only evidence of a perichondrium 
The defect contained a small amount of fibrin Some of the cells and the matrix 
on the outer margin were faintly stained 

Coiidylat Rtdgcs of the Femur — The defects extended through the superficial 
la\ers No gross examination was made The microscopic section show'ed the 
defects in both ridges clearly The section was cut obliquely so that the cartilage 
of the epiphyseal line was continuous with the cartilage of the surface on the 
inner side The edges of the defects were slightly irregular, wnth evidence of 
disintegration, and had some fibrin and debris adherent to them In the cartilage 
matrix w’ere some breaks which contained fibrin The edges of the cartilage 
took generally a deeper stain and in places had a fibrillar appearance This was 
not present over the maximum points of the ridges There was a projection of 
fibrous tissue over the cartilage matrix on the edges for a short distance, it w'as 
the only evidence of a perichondrium 

Lowe} IiitC} condylar Space — ^The defect extended through to the calcified 
matrix No gross examination was made The microscopic section did not show 
the defect clearly The section contained mostly cancellous bone A few pieces 
of pale-staining hyaline cartilage were present on the surface of this bone In 
places, the connective tissue on the outer border of the bone had penetrated the 
bone-marrow 

Ex tonal Condyle of the Tihia — The defect extended through the superficial 
laiers (fig 1) Gross examination was not made The microscopic section 
showed the defect clearly The defect was fairl> well filled with loose connectne 
tissue and granulation tissue, which appeared to have proliferated in part from 
the fibrous tissue on one side of the defect From the edge of the defect there 
was a proliferation of an area of new fibrocartilage which was surrounded by 
connective tissue The cell columns in the deeper layers of cartilage on one side 
had definitely started to turn their lines of axis toward the defect This gave 
them the appearance of leaning toward the defect Considerable fibrin w'as seen 
m the granulation tissue The edge of the cartilage in the defect took a faint 
stain and showed evidence of disintegration Over the cartilage on one border 
for a short distance w^as an extension of the svnovial membrane which was the 
onlv evidence of a perichondrium 

I}ite}-nal Condyle of the Tibia — The detect extended through the superficial 
lavers Gross examination was not made The microscopic section w'as cut to one 
margin of the defect and did not represent a true picture of the condition The 
cartilage in no place looked like typical hvahne cartilage Fibrils ran through 
most of it There w'as one large area of fibrous tissue containing cartilage cells 
overlying an area of hj aline cartilage This looked like a little hillock on top 
of the cartilage None of the cartilage took a normal stain There was no 
suggestion of a perichondrium 

Experimfxt 13 — The knee joint was used, and the defects were made with 
the scalpel in the patella, the external and internal cond\Ies of the femur, the 
upper intercond\lar space of the femur and the externa! and internal condjles of 
the tibia The condilar ridges of the femur were traumatized with a metal 
hammer The dog was killed one week after operation 

Patella — The defect extended through to the calcified matrix On gross 
examination, the denuded area looked unchanged The microscopic section showed 
all the cartilage to have been removed irom the patella, except small bits on either 
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margin There was no evidence of the formation of fibrin Fibrous tissue 
extended over the edges of the remaining hyaline matrix for a short distance 

External Condyle of the Femnt — The defect extended through to the calcified 
matrix Gross examination showed no change in the denuded area The micro- 
scopic section showed that only a small amount of hyaline cartilage was attached 
to the bone There was some formation of fibrin in one place Along the margin 
were a great many small sequestrations of cartilage and bone which showed 
evidence of disintegration and took a faint stain The edge of the hyaline carti- 
lage was irregular, but took a good stain 

Internal Condyle of the Femni — The defect extended through to the calcified 
matrix Gross examination showed no change The microscopic section showed 
an irregular margin to the defect in the calcified matrix The edge of the car- 
tilage took a fainter stain than normal, and showed fibrillation Some fibrin was 
attached There were several small pieces of cartilage along this margin, and 
also some bits of cartilage with bone attached One of these had reattached itself 
to the calcified matrix with fibrin Over the cartilage for a short distance on 
one side was an extension of a fibrous membrane, which was the only evidence 
of a perichondrium 

Uppej Intel condylar Space — The defect extended through the superficial layers 
Gross examination showed no change in the denuded area The microscopic sec- 
tion showed the denuded portion The edge of this was unusually regular, but 
showed fibrillation and took a paler stain than normal Along the margin were 
some cartilage capsules, which had lost their nuclei Some debris was adherent 
to the surface 

EAtetnal Condyle of the Tibia — The defect extended through the superficial 
layers No change was observed m the defect on gross examination The micro- 
scopic section showed the incised area clearlj There were some superficial car- 
tilage cells which were distinctly larger and took a deeper stain than the normal 
ones Most of the margin of the cartilage took a lighter stain than normal 
These cells looked like new cartilage cells Some of the superficial cells appeared 
to have lost their nuclei and had only the capsule forms left on the margin There 
was one transverse cleft in the cartilage down to the calcified matrix, the borders 
of which showed some fibrillation 

Internal Condyle of the Tibia — The defect extended tlirough the superficial 
la 3 rers Gross examination showed no change in the defect The microscopic 
section was poorly stained and fixed There were so man}" artefacts that it was 
impossible to tell what were the true cartilage changes 

External Condylar Ridge — The cartilage was traumatized with a hammer 
(fig 7) Gross examination showed a depression in the ridge made bj the 
trauma The microscopic section showed the tiaumatized area clearly A depres- 
sion in the cartilage over the maximum point of the ridge w"as filled with fibrin 
This fibrin also extended for a short distance over the margin of the cartilage 
on one side There were several clefts in the cartilage partially filled with fibrin 
The underlying calcified matrix was broken and depressed inward over the indenta 
tion on the margin of the cartilage The underlying bone also showed some 
fragmentation All these changes were believed to be due to the trauma ^ 
edge of the matrix was of a paler stain than the normal, and some of the ce s 
showed evidence of disintegration This edge, however, was fairly regular ve^ 
one side of tlie cartilage for a short distance was a fibrous laier, which was 
only sign of a perichondrium 
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Internal Condylat Ridge — The cartilage was traumatized with a hammer 
Gross examination revealed evidence of the trauma The microscopic section 
showed only the margin of the defect The edge of the incised cartilage was 
irregular and famt-stainmg and had some detritus attached Extending over one 
edge of the cartilage was a fibrous membrane, vv'hich was a perichondrium 

Experiment 14 — The knee joint was used, and the defects were made with a 
scalpel m the patella, the external and internal condvles of the femur, the condvlar 
ridges of the femur, the lower mtercondjlar space and the external and internal 
condjles of the tibia The dog was killed one week after the operation 

Patella — The defect extended through the superficial lajers In the gross 
examination no change was notdd The microscopic section showed the defect 
clearly The defect was not filled with fibrin The edge was fairly regular, but 
the matrix and the cells took a lighter stain than normal Along the cut margin 
were several large and deepiv stained cells which were suspected of being new 
cells There were some areas of a deeply stained, nonnucleated superficial lajer 
of cartilage On one edge the sjnovial membrane was reflected over the cartilage 
lor a short distance , this was the only evidence of a perichondrium 

External Condyle of the Femni — The defect extended through the superficial 
lajers In the gross examination, no changes were seen The microscopic section 
showed the denuded area to be well demarcated There was an irregular margin, 
with some fibrillation and disintegration of the cartilage matrix Along the sur- 
face, considerable debris and disintegrating cartilage cells were seen The super- 
ficial lajer of the cartilage m places was deeplj stained, with small fusiform cells 
parallel to the surface No perichondrium was present 

Internal Condyle of the Feinut — The defect extended through the superficial 
layers Gross examination showed no change The microscopic section showed 
the defect clearlv The edge of the cartilage was fairlj regular, with considerable 
debris oi disintegrated cells along the margin The superficial laj'ers of the 
cartilage were slightly less stained than the underlying lajers The svnovial mem- 
brane was reflected over the cartilage for a short distance on one margin, this 
was the onlv evidence of a perichondrium 

Condylai Ridges of the Feniiii — The defects extended through the superficial 
lavers The gross examination showed the defects unchanged The microscopic 
section showed the defect m the external ridge to be well demarcated, but the 
defect m the internal ridge to be broken, owung to the poor preparation Some 
fibrin and debris were seen along the borders of the cartilage, especially over the 
outer defect The cartilage cells and matrix were generallv well stained Over 
the cartilage on one margin, for a short distance, was a proliferation of a fibrous 
laver which was the onlv evidence of a perichondrium 

Lozvet Intel eondvlai Spaee — The defect extended through to the calcified 
matrix The gross inspection showed the defect to be unchanged The micro- 
scopic section was cut below the defect in the popliteal space The space betv een 
the condvles showed no hv aline cartilage In this space, fibrocartilage v as attached 
to the bone on one side, and cellular connective tissue, on the other Some fibrin 
was present along the margins of the h\ aline cartilage On one border oi the 
hv aline cartilage, there was a reflection oi the svnovial membrane fo- a short 
distance, which was the onlv evidence oi a perichondrium 

Ertcinal Condyh of the Tihia — The dciect extended througn tne supcrfici'’! 
lavers The gro'JS examination showed no change m the defect The micro cope 
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section showed the incised area to be fairly well demarcated In this area Mere 
some fibrin and debris In the cartilage was a break which showed a lighter 
staining matrix lining one side, with a scarcity of cartilage cells in this light 
matrix There was a reflection of the synovial membrane for a short distance 
over the cartilage on one margin, this was the only evidence of a perichondrium 
Infonal Condyle of the Ttbia — The defect extended through the superficial 
layers The gross examination showed no change in the incised Urea The micro- 
scopic section was poorlj"^ cut and showed a great number of breaks m the cartilage 
The margin of the defect was irregular and had some debris attached The car- 
tilage cells and the matrix were poorly stained There was no evidence of a peri- 
chondrium 
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DIABETIC GANGRENE 

MEDICAL TREATMENT AND PROPH\LA.XIS ^ 

HOWARD F ROOT, AID 

BOSTON 

ETIOLOGY 

Exclude infection and trauma, and death fiom diabetic gangiene 
would disappear At the New England Deaconess Hospital in the 
service of Dr E P Joshn and myself, from Januar}^ 1923, to Januar}^ 
1930, thirty-one deaths occurred in one hundred and eighty cases of dia- 
betic gangrene or infection of the feet requiring amputation of the toes 
or legs In onl}’’ seven were the causes of death not directly due to 
infection The spontaneous occurrence of gangrene, trauma or infection 
IS as rare in the diabetic as in nondiabetic persons of a similar age It 
therefore seems clear that although premature arteriosclerosis, differing 
somewhat from nondiabetic arteriosclerosis, is present in the diabetic 
patient, the frequency as well as the lugh mortality of gangrene are 
dependent on a specific diabetic factor which for lack of a better term 
I must call lowered resistance to trauma and infection due to the meta- 
bolic disturbance peculiar to diabetes, perhaps especially manifested in 
the skin Another point of contrast appears in the relative rarity of 
severe infection in cases of thrombo-angntis obliterans in the nondiabetic 
person Severe infections most commonl) occur in patients with dia- 
betes who have lecened inadequate treatment and whose condition 
therefore is not controlled According to Campbell,^ in animals that do 
not leceive insulin suppuration often occurs after pancreatectomy, while 
in those given an adequate amount of insulin and food healing occurs 
by first intention The paradoxic, }et I belie\e true, observation that 
diabetic patients with a gnen degree of infection or gangrene of the feet 
are on the whole somewdiat better subjects for surgical treatment than 
nondiabetic patients is probably due to the fact that this specific diabetic 
factor can be brought under control by adequate medical treatment It 
follows, therefore, that control of diabetes bi appropriate treatment is 
of primar} importance in the prophylaxis of gangrene and as the foun- 
dation for successful surgical treatment whether operatue or non- 
operatn e 

Submitted lor publication, AHi 3, 1930 
1 Campbell, quoted b\ Joslin Treatment of Diabetes Alcllituc ed 4 Pmla- 
delphia. Lea & Febiger 102S, p 770 
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PATHOLOGY 

The impaiiment of the blood supply to the feet bv vasculai disease 
IS always a factoi in diabetic gaiigiene In legs amputated for gangiene 
this aiteriosclerosis is characteiized by the fact that although the arteries 
of the leg aie of the musculai type, the changes found are predominateh 
of the t}.pe ^^hlch in nondiabetic patients is found in the elastic arteiies, 
such as the aoita In the legs of nondiabetic patients the changes con- 
sisting of calcification, necrosis and sclerosis, occurring chiefly in the 
media, foim the so-called Monckebeig t3'pe of arteiiosclerosis No great 
nail owing of the lumen occurs until, through degeneiation of the intiina, 
a sudden!} formed thiombus completely occludes the artery Typical 
senile gangiene, usuall} of the di)'’ type, then develops Such senile 
changes ma} be piesent in the aitenes of persons developing diabetes 
in the late middle life, and hence senile arteriosclei otic gangrene may 
occui in a diabetic peison Characteristically, however, in the arteries 
of diabetic peisons there is found marked intimal involvement - con- 
sisting of a heaping up of intima with deposition of fatty material in 
which many cholesterol ci}stals are seen The heaping up of intiina 
lesults in an eaily and giadual narrowing of the lumen with a limitation 
in the amount of blood supply This process is usually of slow develop- 
ment, but may progress fairl}^ rapidly in the couise of a few months 
As a lesult of this slowly piogressive occlusion of the lumen, there 
tends to develop a compensatoiy collateral ciiculation, so that m time 
in a foot m which the large arteries are pai tially or completely obstructed 
the blood supply ma} still be sufficient to keep the foot alive and m 
apparently satisfactor}^ condition for the oidinaiy bin dens of life 
Gangrene develops when a sudden occlusion or thiombosis occurs for 
which the foot is not adequately prepared, or more frequently when 
the edema and inflammation, due to trauma oi infection, cause throm- 
bosis of small aitenes The infection spreads lapidly, due to the lack 
of resistance in the diabetic patient, and gangrene follows Owing m 
part to the collateral cii dilation, diabetic gangrene is usuall}’^ moist, and 
the foot frequently warm 

Calcification in the vessels of diabetic peisons tends to develop at 
any age from }outh upward and is favored by two factors increasing 
age and increasing duration of diabetes It occui s in other vessels, 
notably the aorta and coionaiy aitenes, in many cases hypertension 
associated with aiteriolar sclerosis in the kidne}S, eyes and heart con- 
tributes to the final pathologic picture The organ in which arteiio 
sclerosis threatens life most frequently is the heart In eighty autopsies 
at the Deaconess Hospital eveiy patient over the age of 40 with diabetes 
of fi^e }eais’ duration had had sclerosis of the coronar} arteries i 
chief cause of death of patients with diabetic gangrene, with the excep 


2 Root New York State T Med 28 12S7, 1928 
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tion of septicemia developing at the time of the gangrene, has been 
cardiovascular disease Coronary thrombosis with infarction of the 
heart, recent or healed, occurred in 12 pei cent of two bundled and 
eighty-two diabetic persons whose autopsies weie studied by Waiien^ 
and 111 25 per cent of one hundred cases at the Deaconess Hospital In 
treating patients who have diabetic gangiene, therefore, one deals with 
persons who have generalized arterioscleiosis, the extent and degree of 
which vary with the duration of the diabetes and the age of the patient , 
if the diabetes is uncontrolled, there is also a disturbance of metabolism 
which in some way i educes the resistance to infection Yet the nature 
of the change in laiger arteries affected by diabetes gives opportunit} 
for an extensive development of a protective collateral circulation, 
which, barring trauma and infection, in time may become sufficient to 
pre^ent gangiene 

INCIDENCE Ol GANGRENE 

In the last four years, one in eleven diabetic peisons over the age 
of 50 died of it as compared with one in eight dying during the preced- 
ing four years The increasing longewt} of diabetic patients brings 
more youthful peisons into the aiteiioscleiotic zone The average 
age of thiity-foui persons with fatal diabetes m the hospital during 
1929 was 63 5 yeais The patients with gangrene are m reality much 
older than their chi onological age, if one considers their extensive 
vascular disease and the duiation of life aftei gangrene Indeed, m the 
past it almost seems as if a yeai of diabetes added a year to a patient’s 
tiue age It should not do so in the futuie 

PREVENTION OE G VNGRENE 

The immediate causes of gangiene aie pie\cntable On March 31, 
1930, of seven patients in the New England Deaconess Hospital who 
had suffered amputations of legs oi toes, thiee had cut corns without 
precautions Clean hands and clean feet would have saved their legs 
The fourth patient stepped on a nail and continued to work in spite of 
suppuration The fifth and sixth had bhsteis produced by tight shoes 
The seventh valked baiefoot in zeio ^^eather striking his toe without 
lemembering aii} mjur}^ so deficient in sensation or so slight vas the 
trauma that lesulted in gangiene Defectne vision resulting in too 
deep cutting of corns improper shoes causing trauma from pressure, 
unpiotected feet and neglect of minoi infections are causes that ma} 
be combated b\ the education of patients and b} careful but cneigetic 
treatment b} phvsicians 

The feet of diabetic persons arc i ulnerable because thei are 
mechamcalh deformed The feet of diabetic patients over 50 \ears 
of age are lareK free from oIimous mechanical handicaps Hammer 

1 Y’arren Pitholocrv ot Dnbetes Plul-itkiphn Lea &. Pcbicrcr ID'O p 146 
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diabetes, which usually is made temporal ily severe by the infection In 
table 1 aie summaiized the lecords and diets of sixteen patients treated 
during 1929 

These sixteen cases illustrate the common pioblems m diabetic 
gangrene Two patients under 50 years of age had had diabetes nine 
and foul teen years Syphilis ivas piesent in case 7652 In six cases 
diabetes had been discovered only withm the yeai, because no urinary 
tests had been made previously by a physician Earlier diagnosis with 
instruction in the caie of the feet might have preiented, or at least 
postponed, gangiene foi yeais Angina pectoris was piesent in three 
cases All patients had albuminmia of slight degiee The nonprotem 
nitrogen of the blood was above 40 mg per hundred cubic centimeters 
in three cases The S3'stohc blood piessure exceeded 150 in four cases 
and was below 120 m two cases 

Table 2 — Avciage Daily Diets Used in Cases of Diabetic Gangiene Before and 

Since the Use of Insulin 
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In table 2 the aveiage diets and dosages of insulin foi the gioup 
are compaied with those in similar cases in eailiei peiiods In 1929, 
the average amount of carbohydrate in the diets at discharge exceeded 
that in 1922 by 56 pei cent, owing to the use of insulin in large mea- 
sure However, if one selects the seven patients who on discharge 
from the hospital in 1929 had discontinued the use of insulin (table 1). 
the average amount of caibohydiate in the diet on discharge vas 140 
Gm as compaied with 77 Gm in the diet of similar patients discharged 
in 1922 One may leason that the diffeience was due to the inherent 
mildness of the diabetes or to a less severe infection in the later group 
On the othei hand, bettei management of the disease ma} have brought 
about improved lesistance In case 7884 the patient required 50 units 
of insulin daily before opeiation, }et when he was discharged his diet 
contained 89 Gin of carboh)’^diate and insulin was not used I^^ 
case 7759 the patient lequired 75 units dailv before operation, but 
when he left the hospital he was taking but 5 units The capacity for 
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improvement even of patients with gangrene is far gi eater than was 
supposed At piesent (August, 1930) most patients receive 150 Gm 
of carbohydrate before discharge 

So striking are the changes m dietary treatment from one period to 
another that it is obvious that still greater improvement may occur 
Some definite infoimatfon regarding the best diets in cases of diabetic 
gangrene is desirable Before operation, the existence of fever and the 
generally disturbed state of the patient require the use of the simplest 
food in amounts which the patient can retain After operation, how- 
evei, the pioblem of determining the optimal diet arises The basal 
metabolism in cases in which toes or legs have been amputated as 
compared with the total calories of the diets is shown in table 3 In 


Table 3 — Postopeiative Basal Mefaboltsm of Eleven Diabetic Pet sons 
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* Amputations belotr the Enee nt the age of 21 
t Gritti Stol.es amputation on March 19, 1928 


case 5155 the patient was not convalescent, he was in the hospital only 
a few days, and a comparison of his diet and his computed metabolism 
IS not propel His data are included to show that the basal metabo- 
lism of a legless diabetic patient, uninfluenced by the effects of a recent 
infection oi opeiation is about 21 calories pei kilogram of body weight 
Three determinations of the metabolism in case 4369 showed some 
variation The first test was done before the patient’s leg was ampu- 
tated The second test was done a 3'ear latei , u hen he had lost some 
M eight With a total loss of 21 pounds (9 5 Kg ), the loss in metabo- 
lism was but 121 caloiies In the third test the metabolism was so 
much higher as to seem aberrant but there u as no reason to doubt it 
In case 5250 both legs uere amputated through the thigh because of 
eangrene and seiere infection The patient Mas extremely emaciated 
but Mas not nenous and did not ha\e a se\ere case of diabetes His 
high metabolism mps prolnbh due to the persistence of slight infection 
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an his wounds The aveiage deviation of the group from the Hams 
and Benedict standaid predicted metabolism was + 12 per cent The 
average twent 3 ^-foui houi computed calories was 25 per kilogram of 
body weight When one considers the lowenng of the metabolism 
during sleep, which might compensate for the slightly increased metabo- 
lism associated with movements in bed, it is probable that most patients 
with gangrene when fiee from active infection will retain their weight 
if given sufficient food to suppl}'- 25 calories per kilogram of body weight 
For certain emaciated or debilitated patients, additional food might be 
necessar}'- The caloiic needs of persons must be estimated not only 
from computations but after some consideiation of their physical 
make-up, appetite and indications shown by their progress from day to 
day The composition of the diet will also depend on complications 
such as nephritis and also on variations in the caloric tolerance of the 

Table 4 — Diet Bcfoic Opoaiwn 
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patients Rapid changes in the amount of caibohydrate in the diet 
may be made as tolerance improves, as shown m table 1, and more 
surely if the intake of fat is restricted 

Pi eopei ative Ti eatment — A liver well stored with glycogen is the 
diabetic person’s best protection during an operation He must there- 
fore receive sufficient caibohydrate, but under such conditions that he 
will surely utilize it The diet to be used before operation depends 
on the length of tune available for preparation In an einergenc} 
opeiation to be performed within a few hours of the patient s admission 
to the hospital, because of threatening sepsis, no attempt should e 
made to force foods It is worth while, however, to have the patient 
receive about 20 Gm of carboh}drate in the form of 200 Gm o 
orange juice oi oatmeal gruel, made fiom 30 Gm dr} weight, ^ 
insulin When a period of days elapses between the admission and t e 
operation the patients should leceive a diet of approximateh 
to 150 Gm of caibolndiate %\ith 1 Gm of piotein pei kilogram 
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bod} weight and sufficient fat to gue 25 caloiies per kilogram of body 
weight Such a diet for a man neighing 132 pounds (59 9 Kg ) is 
shown 111 table 4 

If the urine contains sugai, and especially if diacetic acid is present, 
insulin should be given as soon as the patient is admitted to the 
hospital or as soon as the diagnosis of diabetes is established If sugar 
and diacetic acid are present, it is usually pioper to start with 10 units 
three times a day, piovided sugai is present in the urine before every 
meal If the mine becomes fiee from sugai, the insulin should be 
reduced to 5 units before the next meal , if the next specimen of urine 
IS free from sugai, the dose should be omitted At the time of oper- 
ation it IS raiely necessaiy to gi\e insulin dm mg the actual opeiation, 
two or three houis before, my associates and I usually give 15 Gm of 
carbohydrate in the form of 150 cc of orange juice and 10 or 15 units 
of insulin, unless the patient is accustomed to much larger doses Even 
then, it has not been necessary to use more than 20 uriits before 
operation 

Postopeiative Tieatmcnt — Vomiting larely occurs after operation 
If spinal anesthesia has been used, the patient can begin taking 
food immediately In cases in which general anesthesia is followed 
by vomiting, hypodermoclysis of 1,000 cc of 5 per cent dextrose 
solution in phjsiologic solution of sodium chloride oi an intravenous 
injection of 500 cc of 10 pei cent dextiose solution in physiologic solu- 
tion of sodium chloride may be used to replace fluids give nourishment 
and check the nausea 

The usual diet is simplified by the use of more concentrated foods, 
such as cereal, potato, rice and toast, in such quantities that the total 
amount of carbohydrate in the diet is unchanged The urine is tested 
every foui hours, and the insulin is given according to the amount of 
sugar present If the urinary test is red or orange with Benedict’s 
solution, then 15 units of insulin may be given , if it is yellow, 10 units, 
if green, 5 units The order foi insulin is written contingent on 
urinary tests, so that unnecessarily large doses of insulin will not be 
given as a routine after the patient becomes free from sugar during 
the two or three weeks following amputation If the urine becomes 
sugar-free, additions of 10 Gm or more of carbohydrate to the pre- 
scribed diet may be made from day to day to keep pace with the grow- 
ing carbohydrate toleiance Gams m tolerance depend on the removal 
of infection, the constancy and regulaiity of the diet, the use of insulin 
and perseverance m seeking to increase the portion of carbohydrate in 
the diet The use of exercises in bed impioves both muscles and 
morale They are begun within a few daj s after the operation, provided 
the patient is free from a high tempeiature At first they consist 
only of breathing exercises and of motions of the arms Gradually 
the number of exercises are increased and the remaining leg shares the 
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exercises Hand elastic exeiciseis are attached to the foot of the bed, 
so that the patient may exercise more vigorously as he gams in strength 

Use of DexUose Solutions — For patients m a state of shock or so 
weakened that they cannot take food by mouth, the use of dextrose 
given by rectum, subcutaneously or intravenously, is of great value 
Rectal injections can be used but a few times because of the irritability 
of the rectum Dextrose given intravenously is rarely needed when 
spinal anesthesia has been used However, in some cases it is of great 
value as a means of getting nutrient substances into the body and as a 
stimulant to the circulation Ordinarily, it is given in 10 per cent solu- 
tion in amounts of from 500 to 1,000 cc once or twice a day Precautions 
must be observed in its use owing to the fact that, when insulin is given 
with dextrose and little other food is being taken, hydroglycemia may 
follow a few hours aftei injections Hypoglycemia seems to be caused 
by a stimulation of the pancreas by the dextrose When a patient is 
being fed 'exclusively by intravenous injections of dextrose solution, 
orders for the administiation of insulin should be so written that 
insulin cannot be given unless a test of the urine is made, and unless 
the dose is adjusted accoiding to the presence or absence of sugar 
in the urine 

Laboratory Aids — A blood culture should always be taken when the 
patient has gangrene and fever If septicemia is suspected, the absence 
of sugar m the urine is usually strong evidence against its existence, 
and this may be a decisive point in deciding the type and the time of 
operation The absence of sugar in the urine must never be taken as 
proof of the absence of diabetes, since the dextiose threshold in the 
blood is often elevated in persons with diabetes of long duration and 
in older diabetic persons If hyperglycemia is found, the surgeon is 
thereby warned that vascular disease in the extremities is probably of 
the diabetic rather than of the purely senile type, and that diabetic 
treatment may be valuable and even life-saving Such patients may 
develop dangerous acidosis and even coma after operation if precautions 
are not taken Diacetic acid should always be tested for by means of 
the ferric chloride reagent whenever the urine is examined for sugar 
Only m this way can the surgeon or the physician recognize the develop- 
ment of acidosis in its earliest stages 

Blood Sugai — ^Variations in the blood sugar are the most valuable 
single indication of variation in the diabetic metabolism When the 
amount of blood sugar is between 0 1 and 015 per cent, the patient is 
for the time secure from acidosis and hypoglycemia The higher the 
amount of blood sugar before operation, the more serious is the genera 
condition of the patient and the worse the prognosis (table 5) There 
IS no level of blood sugar, however, which necessarilj makes the case 
hopeless The highest amount of blood sugar is found in severe aci 
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dosis, and a figure above 0 4 per cent in a surgical case should always 
suggest approaching coma, whether before or after operation In many 
cases of long duration, with advanced arteriosclerosis and acidosis, the 
lower the amount of sugar in the urine the higher the amount of sugar 
in the blood Anesthesia produces elevation in the blood sugar, the 
greatest change being caused by ether, the next greatest by nitrous oxide 
and the least by ethylene Insulin reduces the sugar in the blood at a 
rate which vanes somewhat with the severity of the diabetes, the pres- 
ence of infections, the size of the dose of insulin and the previous diet 
of the patient The maximum lowering of the blood sugar after a dose 
of insulin IS found from three to six hours after the injection It is 
almost impossible to predict with certainty the amount of lowering of the 
blood sugar that a given dose of insulin will cause In diabetic persons 

Table S — Dutahon of Life of Patients Surviving Amputations of Toes or Legs 
Betzoecn Jan 1, 1923 and Jan 1, 1928 Compared with the Pei centage 

of Sugai tn the Blood 


Blood Sugar, 
per Cent 


Gangrene 

I/iving, August, 1029 

Average Duration of Life, Dead 

Patients 

Number 

Tears 

Number 

Tears 

0 30 to 0 45 

14 

6 

22 

8 

12 

0 20 to 0 29 

44 

22 

20 

22 

1 2 

0 10 to 0 19 

20 

8 

32 

12 

11 

0 30 to 0 45 

9 

Infection 

3 

20 

0 

08 

0 20 to 0 29 

18 

14 

21 

4 

19 

0 10 to 0 19 

19 

8 

88 

11 

11 


changes occur from hour to hour The diet and insulin must be adjusted 
daily, even hourly, in emergencies, according to the urinalyses or blood 
tests 

Reactions to Insiihn — Hypoglycemic reactions are serious, and are 
to be avoided at all costs They endanger the patient’s life, because 
they threaten his diseased heart The symptoms of hypoglycemia are 
weakness, severe hunger, tremor, convulsions or unconsciousness usually 
occurring from three to eight hours after a dose of insulin Queer 
mental states or absolute unconsciousness may develop with slight or no 
warning The prevention of hypoglycemic reactions depends on con- 
stant watching of the urine, the diet and the blood sugar, especially in 
patients having less than their usual diet or receiving dextrose solu- 
tion intravenously It is wise to test the blood sugar at those times 
in the day when hypoglycemia is most likely to develop, namely, at 
11 30 a m , 4 30 p m or 9 p m If the urine of a patient given 
insulin three times a day is tested every six hours and is found to be 
sugar-free once in the day, that is the time when hypoglycemia is most 
likely to occur If the blood sugar level is found to be below 0 1 per 
cent at this time, it is well to reduce the dose of insulin from that 
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given four hours before, even though no symptoms have been lecog- 
nized, or else to have the patient take 10 Gm of carbohydiate in the 
form of orange juice or two Uneeda crackeis Befoie the patient’s 
discharge from the hospital, the blood sugar test should be done at 
11 30 a m or 4 30 p m in order to avoid the occurience of hypo- 
glycemia at home 

Treatment for hypoglycemia should be instant In mild cases, 
100 cc of orange juice may be given by mouth When this fails or the 
patient is unconscious, dextrose solution (20 cc of a 50 per cent 
solution) should be injected intravenously The hypodermic injection of 
0 5 cc of epinephrine (1 1,000) sometimes bungs the patient to, so that 
he can take orange juice or Karo syrup 

Acidosis — In every case of gangrene coma is likely to occur If 
the patient vomits, becomes drowsy or has pain in the abdomen, coma 
should be considered first, and the urine should be tested for sugar and 
diacetic acid When diacetic acid is present in the urine, a carbon 
dioxide-combimng power m the blood plasma of from 35 to 50 per cent 
by volume means mild acidosis, when the percent is below 20, the 
patient is usually m obvious coma The onset of coma is insidious, with 
loss of appetite, nausea and pain in the abdomen Air hunger is a 
late symptom Treatment with insulin should begin long before air 
hunger develops, and should be as promptly and energetically earned 
out as would be treatment for intra-abdommal hemorrhage Gastric 
lavage, an enema and subpectoral infusion of saline are essential From 
10 to 25 units of insulin hourly or even half hourly is usually necessary 
until glycosuna is controlled 

Complications — Arteriosclerotic disease of the heait and kidneys far 
exceeds all other complications Most important is the protection of 
the skin against boils and carbuncles and of the feet against pressure 
sores Scrupulous cleanliness of the skin, use of nonirntating soap 
and frequent changes of position to avoid the macerating effect of 
pressure and perspiration help to prevent carbuncles in obese patients 
When small furuncles appear, ultraviolet treatment is A^aluable All 
patients who have had a leg amputated should have a thick clean woolen 
sock on the other foot to avoid pressure of the heel against the bed 
A Balkan frame over the bed with hand gups hung fioin the frame 
makes it possible for a patient to use his arms to turn instead of digging 
his heel into the bed for this purpose 

PROGNOSIS 

The prognosis for patients with lesions of the feet depend on 
(1) the nature and seventy of the infection, (2) the condition of the 
blood supply of the foot and (3) the opportunit} for adequate treat- 
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ment foi the diabetes and complications All lesions of the lowei 
extremities in the diabetic patient are classified etiologically as chiefly 
due either to infection oi to a deficient blood supply Patients whose 
condition is primanl} due to infection usually have warm feet and 
palpable dorsalis pedis pulse, patients with deficient circulation usually 
have no pulsation in the doisahs pedis artery and cold feet A more 
complete discussion of this classification is given in an article by Dr 
L S McKittrick The two groups diftei in many respects The 
average age of patients in the infectious group was 58 8 years, and the 
duiation of the diabetes 8 5 yeais The average age of those in the 
circulatory group was 63 5 years, and the duration of the diabetes 
7 5 years The prognosis in the two groups differs widely, and in 
discussing vaiious factors concerned with prognosis in diabetic gangrene 
the cases should be grouped under these two headings 

The thirty-one deaths occurring in the hospital illustrate the four 
most unfavorable prognostic cnteiia (1) virulent infection in feet with 
absent dorsalis pulsation and a deficient blood suppl}’- (twenty-five 
belonged to the circulatory group) , (2) advanced age, the average 
being 69 )’'ears, (3) long duiation of diabetes, the average being 8 9 
jears, (4) angina pectoris and chionic nephritis Four deaths from 
coronary thrombosis in cases of the gangrene group are more impressive 
when included with six deaths in this group occurring within a year 
after operation A histor} of angina pectoris is easily missed The 
pressure or pain over the sternum may be slight, but if it bears a definite 
relationship to exertion or nen^ous excitement, the diagnosis cannot be 
doubted Electrocardiograms often give definite evidence of marked 
myocardial change, presumably secondary to coronary disease, even when 
attacks of angina have not occurred Sudden death is an imminent 
possibility in any diabetic person after 60 years of age 

In contrast to the patients Avho died m the hospital are thirteen 
patients with gangrene living an average of 4 2 years after operation 
Their average age was 59 years as compared with the average of 63 5 
years for all cases of gangrene The average duration of the diabetes 
was 5 2 years in contrast to an a\ erage duration of 8 5 years for the 
entire group The average amount of blood sugar was 0 2 per cent and 
the average amount of sugar in the urine on admission was 0 4 per 
cent In four cases the systolic blood pressure was above 150, and 
on only one occasion was it under 110 In no case was the nonprotem 
nitrogen above normal, and in no case was there suggestive evidence of 
severe coronary disease The infectious group, in which the average age 
was 60 2 years and the average length of life 4 3 years after opeiation, 
consisted of fi\e males and two females The average duration of 
diabetes was 5 9 years as contrasted u ith a duration of 7 5 years in 
the entire gioup of infectious cases In four cases of this group 
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amputation of the toe was performed and m three amputation of the 
leg Again, the average amount of blood sugar was 0 2 per cent and 
the average amount of sugar in the urine 1 1 per cent In two instances, 
the nonprotem nitiogen was above 40 mg per hundred cubic centi- 
meters In no case was angina pectoris present Younger patients 
with diabetes of shorter duiation, the absence of septicemia and 
advanced coronal y disease are the reasons foi a bettei prognosis 

The prognostic value of the purely diabetic factors is paradoxic 
The more severe the disturbance, the greater the relief that will be 
afforded by adequate and successful treatment The level of the blood 
sugar and the amount of sugar m the urine on admission to the hospital 
are not closel}'’ related to the ultimate prognosis, owing to the fact that 
they may be influenced so markedly by treatment during the week 
or two preceding admission Much more important than the level of 
blood sugar at the time of admission are the course and treatment of the 
diabetes during the preceding five or ten years It is true, howevei, 
that an excessivel}^ high blood sugar has a somewhat unfavorable signifi- 
cance, as seen from table 5 

In general, the level of the blood sugar is so much influenced by 
infection and the presence or absence of recent treatment that its chief 
value is as a guide to diabetic treatment 

The blood pressure is of no outstanding impoitance in relation to 
prognosis In 50 pei cent the systolic blood pressure exceeded 150 mm 
Hypotension with a systolic pressure below 110 occurred in only six 
cases So far as a prexisting hypertension may have paved the way 
for coronary disease or chronic nephritis it is of importance, but at 
the time of treatment in the hospital the level of the blood pressure 
seemed to have little bearing on the outcome Actual cardiac failure 
with decompensation has occurred m only two cases in the hospital 

The only two cases in Avhich gangrene developed, in spite of fairly 
good care of the feet, weie cases associated with angina pectons and 
chronic myocarditis 
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A few months after Luckhardt and Carter had published their 
articles on the original clinical work with ethylene, Brown ^ reported 
the results of an extensive investigation concerning the explosibility 
of ethylene mixtures In this paper, he mentioned the places where 
explosion may occur as 

(1) While the gas is compressed in the cylinder, (2) after emerg- 
ing from the cylinder but not mixed with oxygen, (3) m the mixing 
chamber or distributing apparatus mixed with oxygen and (4) after 
escaping into the room through the valve m the facepiece 

In the first two locations one is presumably dealing with the pure 
gas, and whether oi not explosions can occur at these points depends 
on the mheient character of the gas In order to settle this question 
definitely, one must know whether it is possible to cause the pure gas 
to explode or whether it can explode spontaneously Some gases, such 
as acetylene, are unstable when highly compressed Does ethylene 
show such pioperties? Experience has shown that ethylene is not 
unstable when under high pressuie, and that the pure gas cannot be 
made to explode Brown has shown that ethylene unmixed with 
oxygen will not explode, and, furthermoie, that explosions do not 
occur m mixtures of ethylene and oxygen unless at least 40 per cent 
of the mixture is oxygen This work was confirmed by Hoi nor and 
Gardenier,- although their results shoiv that ethylene oxygen mixtures 
containing a minimum of 30 per cent of oxygen may explode The 
criterion, however, established by these workers was rigid If th^ 
mixture was not exploded at once by a spark, a continuous arc was 
passed through it for one minute before it was definitely said to be 
nonexplosive 

' Submitted for publication. May 2, 1930 

'"From the UnuersiU Hospital, Ann Arbor, Alich 

1 Brown, W E Explosibility of Eth 3 dene Llixtures, J A A 82 1039 
(March 29) 1924 
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Additional evidence showing tliat pure ethylene oi very concen- 
trated mixtures of the gas are not explosive is found m the observation 
of Herb ^ that following an explosion in the distributing portions of 
the anesthetic appaiatus, there is no tendency foi the explosion to 
flare back into the machine or up to the tanks On several occasions 
the pure gas coming from the tank was ignited, but the flame could 
be easily extinguished Moreovei, we must lemember that although 
the use of ethylene by the medical profession is recent the gas has 
been known to chemists and used m industry foi many years If 
the pure gas weie unstable or if its use were fraught with danger of 
mishap, warnings of these dangeious pioperties would have been forth- 
coming The fact that many thousand drums of the highly compressed 
gas have been shipped to all parts of the country without accident 
argues well for its stability 

Recently a terrible accident occuried m an Indiana hospital ■* 
A physician woikmg with a gas machine carrying tanks of oxygen, 
nitrous oxide and ethylene was killed when a violent explosion 
occurred The accident was leported in the papeis as due to an 
eth 3 dene explosion Subsequent investigation pioved that the tank of 
nitrous oxide and not the ethylene tank had blown up That matter 
is of secondaiy impoitance, however, to the fact that the tragedy 
proved the extreme instability of mixtuies of nitrous oxide and 
ethylene under pressure In gas machines of the older type, when the 
valves on the tanks are not tightly closed, contamination of certain 
tanks with gases from other tanks on the same machine may occur 
The fact that mixtures of nitrous oxide and ethylene in certain pro- 
portions may be extremely explosive has not been sufficiently empha- 
sized Circulars informing the medical piofession of this danger and 
also mentioning the possibility of the gases mixing in the tanks when 
attached to certain old style machines were sent out by a chemical 
supply house to users of their products Hewer, in two publications,’’ 
mentioned the fact that ethylene forms explosive mixtures with both 


oxygen and nitrous oxide Hornor and Gai denier - showed that mix- 
tures of nitrous oxide and ethylene are explosive when the latter gas 


is present in concentrations of from 5 to 35 per cent Above con- 
centrations of 35 per cent ethylene, explosions do not occur Thus 
we see that small amounts of nitrous oxide in ethylene will not lead 
to explosion but that small amounts of ethylene in a nitrous oxide tank 


3 Herb, I C Explosions of Anesthetic Gases, J A M A 85 1788 (Dec S) 

1925 

4 Personal communication to Dr Cabot . 

5 Hewer, C L Lancet I 173 (Tan 24) 1925), Brit T Amesth 3 1/4 

(April) 1926 
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ma> be veiy dangeious On this basis alone, we can understand why 
It was that a nitrous oxide tank and not an ethylene tank blew up in 
the lecent accident in Indiana 

In view of all the evidence that has accumulated on the subject it 
seems that pine ethylene will not explode eithei when ignited as the 
free gas oi spontaneously when compressed in steel cylinders 

Since It is deal that the puie gas does not explode, all the operat- 
ing loom accidents that have occurred with ethylene must have been 
due to the ignition of mixtures of ethylene and oxygen in the mixing 
chambei of the machine, in some distal portion of the apparatus, or 
out in the loom after the gas has been exhaled by the patient Before 
considering explosions occurring in these different places, we must 
ask ourselves an important question 

Can mixtures of ethylene and oxygen explode spontaneously^ 
Chemical mixtures are known that are so exceedingly unstable that an 
explosion may occur with no apparent cause Other mixtures may 
explode if some slight chemical or mechanical stimulus is provided 
Sise ® stated that mixtures of ethylene and oxygen under high pres- 
sure, as would be true if ethylene should leak into an oxygen tank, 
may explode spontaneously The recent disaster in Indiana proved the 
same thing to be true of mixtures of ethylene and nitrous oxide 
However, it is fairly evident that at normal pressures even the most 
explosive concentration of ethylene in oxygen will not blow up in 
the absence of a definite exciting cause A great deal of experimental 
work has been done, employing low concentrations of ethylene in 
oxygen without accident, and during practically every ethylene anes- 
thesia, especially toward the end when the patient is flooded with oxy- 
gen, the concentration of the gases must at some time be at the optimum 
point foi explosion to occur Moreover, the gases are not stationary 
but aie passing fairly rapidly through a closed system, being thereby 
subjected to mild traumatic influences The most satisfying argument 
against the theory of spontaneous explosion, however, is found m the 
fact that for all the explosions that have occurred a tangible exciting 
cause can be found The cause has been either actual flame or cautery 
near the anesthetic apparatus or in many cases a static spark occurring 
either inside the machine and distributing hoses or out in the operating 
room Explosions occurring outside of the machine will be considered 
first 

EXPLOSIONS OCCURRING IN THE OPERATING ROOM 

Brown,^ in his early report on the explosibihty of ethylene mix- 
tures, concluded that explosion due to gas that had escaped into the 

6 Sise, L F Boston At & S T 192 287 (Feb 12) 1928 
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room was a negligible possibility He based his view on a theoretical 
calculation which showed that m the average-sized operating room 
and with average pulmonary ventilation by the patient six hours would 
be lequired before the concentration of ethylene in the room could 
reach the explosive level of about 5 per cent He assumed no ven- 
tilation in the room, a factoi usually always present to a variable 
extent He also assumed unifoim diffusion thioughout the room, 
while in leality, since the gas is but slightly lighter than air, it prob- 
ably diffuses slowly and forms currents or strata much like those 
formed by tobacco smoke in a still room Under these conditions it 
is possible to understand how an explosion could occur Davis and 
Caine® reported explosions occurring in the loom some distance from 
the patient and the gas machine, and Sise ® commented on the possi- 
bility that exists for such accidents to occur 

It is obvious that the mere presence of even highly explosive mix- 
tures of ethylene and oxygen in the operating room will do no harm, 
provided no agent is present that may ignite the gases The explosions 
that have occuired during the use of the cautery might well have been 
caused by careless use of roentgen equipment, a spark produced on 
the brushes of an electric motor or a spark produced when an electric 
circuit of any sort is opened These are perfectly evident sources of 
danger not only with ethylene but with ether as well Sparks caused 
by electrostatic charges may be equally dangerous They are, as a 
matter of fact, a much greater hazard than the obvious things, not 
because every static spark means an explosion but because they belong 
to a world unseen and may be generated in so many different ways 
A static spark always results and can be produced only when two 
bodies of different electrostatic charges aie separated or brought 
together The charge must always be present before the spark and, 
unfortunately, nature has not given man the sense organ that can per- 
ceive when objects about us are charged To combat such a situation 
we must adopt indirect methods and fall back on our knowledge of 
the fundamentals of electrostatics A consideration of this matter in 
detail will be found later in this paper 

To eliminate the danger from explosions occurring out in the 
operating room, two possibilities must be considered The explosive 
gases can be prevented from getting out in the room where they might 
be Ignited, or measures can be talren to remove fi om the operating 
room any possible source of ignition The latter method is the one 

7 Davis, C H Explosibility of Ethylene, J A M A 82 1607 (May 17) 

1924 

S Came, A M Anesth & Analg 3 104 (June) 1924 
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usually adopted Use of the cautery oi any apparatus through the 
action of which a spark may be pioduced is strictly prohibited m the 
operating loom wheie ethylene is employed The weak point usually 
found in this method is that piecautions against static spark are not 
taken and sooner or later an explosion occurs Ethylene is blamed 
for the trouble (which might have occuried with ether vapor as well), 
and Its use is cm tailed Means for eliminating the hazard of static 
spark m the operating room will be considered later 

The other method of pi eventing explosions in the operating room 
IS to prevent ethylene from entering the room either by the use of a 
hose connecting the exhaust valve of the facepiece to the outside or 
by the use of a closed system Salzei ® described a system of the first 
type He uses an attachment which fits over the expiratory valve of 
the McKesson facepiece To this device is connected a noncollapsible 
tube leading to the outside The airangement is simple and easily 
installed, but to be sure that it accomplishes its purpose, leakage of 
gases around the cushion on the patient’s face would have to be 
prevented 

The system of i ebi eathmg described by Gatch is used exclu- 
sively by some anesthetists, and if the rebreathmg is complete, the 
amount of gas escaping into the room is said to be insignificant Poe 
used such a system in a senes of 8,884 ethylene cases with great 
satisfaction and without mishap He employs the Sander’s modifica- 
tion of the Gatch apparatus, ivliich has been used in approximately 
185,000 administrations of eth}lene m Texas and other states without 
an explosion occurring 

A strictly dosed system m which the respiratory carbon dioxide 
IS absoibed in soda lime, and oxygen and the anesthetic gas are 
admitted in small quantities as needed provides a means whereby no 
ethylene (oi othei gas) can get out into the operating room This 
type of equipment has been used on the continent for the administra- 
tion of acet 3 dene, and it possesses the disadvantages of being both cum- 
bersome and expensive It should be pointed out, however, that the 
closed systems and, to a lesser extent, administration with rebreathmg 
allow the use of considerably smaller quantities of the anesthetic agent 
In the closed system the same ethylene could be used over and over 

9 Salzer, M Method of Eliminating Danger of Explosion in Use of Ethyl- 
ene, J A M A 88 315 (Jan 29) 1927 

10 Gatch, W D The Use of Rebreathmg m the Administration of Anes- 
thetics, J A M A 57 1593 (Nov 11) 1911 

11 Poe, J G Anesth & Analg 7 295 (Sept -Oct) 1928, Text on Anesthesia, 
New Orleans, J A Majors Compani, 1926 
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We must mention here the fact that the means outlined to ple^ent 
explosions from fiee ethylene in the operating loom apply also to gas- 
oxygen mixtures with ether vapor Poe stated that mixtuies of 
ether and oxygen aie highly explosn^e, much more so than ether in air 
Brown/ and Hoi nor and Gardenier" ga^e figures showing the wide 
range of ether-oxygen mixtures with and without nitrous oxide which 
will explode It is true that ether lapoi, being heavier than air, sinks 
to the floor and to some extent out of haim’s way, but that some 
explosions attributed to ethylene must in reality be blamed on ether 
cannot be doubted Guthrie mentioned “a most unfortunate and 
widely heralded fatal explosion” which actually occurred while nitrous 
oxide and ether vapor w'ere being given, although ethylene had been 
used earlier in the anesthesia 

Our discussion of ethylene explosions up to the present has been 
limited to those which occur not m the anesthetic apparatus but out in 
the operating room Except for the matter of static charges acting 
as the causative agent in these explosions, it is evident that such acci- 
dents are readily preventable by ordinary common sense and a few 
precautions Explosions within the machine or accessory parts can 
be due only to ignition by something inside the apparatus Static 
spark IS the only agent that can be seriously considered in this con- 
nection Because static charges are responsible for many accidents 
occurring in the operating room and must be entirel) blamed for the 
explosions occurring within the machine, it is plain that time expended 
in a careful study of electrostatics and the electrical chai acteristics of 
the anesthetic equipment is time well spent 

ELECTROSTATICS AND THE ELECTRON THEORY 

It IS essential to know at the outset the modem conceptions of the 
nature of static electricity, how it may be generated and wdiy sparks 
occur The electron theory is a simple and adequate means of explain- 
ing these phenomena 

According to the electron theory, all matter is made up of atoms, 
each atom containing a positively charged nucleus about which are 
grouped in different configurations a vaiymg numbei of electrons 
The arrangement and number of electrons grouped about a nucelus 
depends on the type of atom with which we are dealing Thus elements 
of low^ atomic weight are made up of atoms having relatn eh few elec- 
trons of simple space arrangement, while for elements of high atomic 
weight the reverse is true The electron is conceived to be the smallest 

12 Poe (footnote 11, first reference) 

13 Guthrie, D Surg Gjmec Obst 43 703 (Nor ) 1926 
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unit of negatue electricit}, and since oidinary matter is without electric 
chaige, there must exist m every atom of such matter just enough 
elections to neutralize the positivel} charged nucleus Suppose that 
by some means one can rub oft or displace from the atoms composing 
a substance some of the electrons that had hitherto been bound m the 
atoms Obviously, if this can occui the positively charged nuclei of 
the atoms will no longer he neutralized, and the matter will possess 
what IS called a positive charge Thus it is seen that what is called a 
positive charge on a body is simply a deficit of electrons or negative 
electricity In the same way , a negatively charged body possesses more 
electrons than are normally'' attached to it The familiar experiment 
of charging an ebonite rod by rubbing it with fur provides an excellent 
example of this theory When the ebonite rod is rubbed vigorously 
with the fur, presumably the friction (energy is required) causes some 
of the electrons m the atoms of the fur to be dislodged and trans- 
feiied as free electrons to the ebonite rod The rod therefore holds 
an excess of electrons and is negatively charged, while the fur atoms 
are lacking in some of their electrons and the fur itself is positively 
charged From the mechanism involved, it is evident that the amount 
of negative charge on the ebonite rod must be exactly opposite and 
equal to the positive charge on the fur If the charged ebonite and 
fur are placed in intimate contact for a time, both lose their charges 
since the free elections on the ebonite return to their proper places in 
the fur atoms 

Experience has shown that charges are obtained on rubbing two 
bodies together only when (1) the substances are of difterent material, 
(2) they belong to the class of substances called insulators, and (3) 
they are dry Concerning the first prerequisite we can say nothing, 
except that it is true Glass cannot be charged by lubbing it with 
glass, nor does friction of rubber on rubber lead to chaige The 
second statement needs some explanation 

If one should rub together a bar of iron and a bar of copper held 
in the two hands, it is possible that chaiges may be produced on the 
tuo metals, but no charge could be demonstrated because these sub- 
stances conduct electricity, uhich means that the electrons can move 
through them without much difficulty If this is true, any excess of 
electrons produced by friction on one of the rods can flow around to 
their original positions through the body of the experimenter Suppose, 
however, one rubs a piece of rubbei against a steel rod Friction of 
the metal on the rubber causes a displacement of free electrons from 
the steel onto the rubber, so that the latter is negatively charged and 
the formei must possess an equal and opposite positne charge But 
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here is a point of gieat importance The negative charge on the rubber 
can be easily demonstrated at the place where the friction occurred 
but no charge is found on the metal The answer is very simple, of 
couise, but of great importance in understanding phenomena of exactly 
the same nature winch occur on anesthetic machines The charge is 
found on the rubber because an excess of electrons was rubbed off 
onto It and then these extra electrons could not get away They stay 
on the rubber at the point where the transfer occuired because rubber 
is a nonconductor It offers great resistance to the passage of elec- 
trons through it No positive charge can be found on the metal rod, 
because it is a conductor and in direct contact with the body of the 
observer, which is also a conductor Assuming the observer to be 
insulated from the ground, the positive charge will spread uniformly 
over the entiie surface of the observer and rod so the charge at any 
point IS so small as to be impossible of detection 

The reason why insulating substances must be dry in ordei that 
static charges may be produced should be evident from the foregoing 
paragraph Even a thin film of moisture on the surface of an insulator 
gives it the characteristics of a conducting body as far as static charges 
are concerned Thus static chaiges by their veiy natuie can exist (be 
static) only when an insulating barrier is provided If one touches a 
highly charged but insulated metal ball with a copper wire leading to 
the earth the charge on the ball is instantly dissipated There occurs a 
transient flow of electrons up or down the wire, as may be necessary 
for the charged ball to be lendered electrically neutral This flow of 
electrons is an electric curient 

Static charges, of course, may be generated on an insulated body, 
or on only a small part of it, by fiiction with an unlike substance 
The size of the charge varies with the amount of energy expended in 
rubbing the two bodies together, and whethei or not the charge 
remains localized at the site where the friction occurs depends on 
the insulating properties of the substances involved 

When a body possesses an electrostatic chaige, either positive or 
negative, space surrounding the object is under a state of strain w ici 
IS called an electrostatic field This is proved to be true by many 
phenomena that occur m space near charged objects Thus mechanica 
forces of attraction or repulsion are exerted between charged bo les, 
conductors brought near a highly electrified object become charge 
themselves The latter phenomenon is called charge by induction, an ^ 
it may be of great importance m the present problem Charge ) 
induction is represented in figure 1 
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A metal ball. A, is assumed to be strongly charged by a great excess 
of electrons , i e , it is negatively charged This charge cannot be lost 
because the ball is insulated from its surroundings by the glass standard 
on which it rests An elongated metal shell, B, also supported on a 
glass rod, is now brought close to A Investigation of the shell with 
an electroscope shows that its two extremities are highly charged, the 
side toward A possessing a positive, and the opposite end an equal 
negative charge If the shell B is now withdrawn out of the field pro- 
duced b}’- A, it will be found to possess no charge In other words, 
simply by placing this conductor near a charged body, one has produced 
a transient displacement of the electrons in its substance, a change that 
immediately disappears when it is drawn out of the electrostatic field 
It should be evident that if the shell B were made of glass or hard 
rubber instead of metal, no such changes could occur because in these 
insulating substances the electrons are not free to move 



Suppose now that one continues to bring the metal shell B and the 
charged ball together until only a very short gap lies between them 
Charges will he induced on the two ends of B, as we have described, 
and if one possessed means for measuring it, one would find an appre- 
ciable force of attraction between A and B If one shortens the gap 
still more and watches closely, a spark will be seen to jump between the 
two conductors A static spark has occurred As the charges are 
approximated, the electric field between them becomes more intense 
until finally the insulating power of the air breaks down and a stream 
of electrons passes over the gap, leading to a more or less perfect 
equalization of the charge over both conductors Investigation of B 
after the spark has occurred will show that it now possesses a negative 
charge spread over its surface 

In the foregoing paragraph we h^^e assumed both the charged ball 
and the shell to be conductors of electricit}’- What will occur if one 
or both of these bodies are insulators First, let it be assumed that the 
ball A IS made of hard rubber and is highly charged as before vith a 
negative charge As the shell, which is of metal, approaches the ball. 
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charges will be induced on its extiemities as desciibed Finally, as the 
interval between the two becomes very short, a spark occurs , but this 
spark IS very small and has little energy behind it The reason is found 
in the fact that although the rubber ball possesses on its surface a 
tremendous excess of electrons which it would like to get rid of, it 
cannot do this because they aie bound by the insulating character of 
the ball to stay where they are In other words, the excess charge has 
only been removed from the ball at the point of nearest approximation 
with the shell , to equalize the charges, as was accomplished by a single 
powerful spark from the metal ball, one would have to approximate, 
or even touch, the shell to the ball rqany times over a greater part of 
its surface 

If the charged ball were made of metal and the elongated shell of 
rubber, no induced charges would be noted as the two are brought 
together, and should a spark occur between them it would be very 
weak indeed Again to equalize the charges on these two bodies one 
would be forced to touch, or very closely approximate, a great many 
points on the shell with the charged ball If both objects are made of 
insulating material, the charges on the two could be equalized with 
even greater difficulty, and sparks of appreciable size would be hard 
to obtain 

All this discussion simmers down to something that all have experi- 
enced As a child, one ivas accustomed to rub one's feet over the 
carpet during the cold wonter months and then discharge oneself by 
touching the back of father’s neck or some other convenient conductor 
of electricity It was soon found out that the biggest spark was 
obtained by touching a radiator, the best and largest conductor in the 
room, and that no spark would result if one touched the wall or other 
insulating material It was also found that no sparks were produced 
when persons touched each other, a phenomenon that demonstrates an 
all-important truth It is not the magnitude of the charge on two 
objects that will determine whether or not a spaik wall occur between 
them, but it is the difference in electrical potential that is important 
Sparks cannot occur between various metal parts on a gas machine 
if they are connected together electricallj , no matter how highly charged 
die entire mechanism may be 

It has been shown that electi ostatic induction plays an important 
part in the production of static sparks It is further important in that 
pieces of metal, simply by being placed in the Mcinity of a charged 
body, become charged themselves by induction and thus become a 
potential source of static spark It is conceivable that a highly charged 
object merely by being adjacent to a gas machine could induce on the 



JOHNSTON-CABOT^ETHYLENE EXPLOSIONS 205 

lattei charges that might lead to a spark and the ignition of explosive 
gases 

A static spark repiesents the release of a certain amount of energy 
that has been stored in the field surrounding a charged body One 
sees the spark, one hears it, and, furthermore, energy is liberated in 
the form of heat which may suffice to ignite anything inflammable 
nearby It is important to keep m mind that the static spark is only 
a means of equalizing differences in electrical potential It is not unlike 
the rush of steam from the safety valve on a boiler When the pres- 
sure differente, either steam or electric, exceeds a certain amount, the 
connecting medium breaks down and a rush of steam or electricity 
results The ability of the spark to ignite an explosive mixture will 
depend on two factors (1) The amount of energy dissipated in the 
spark and (2) the readiness with which the mixture explodes The 
energy liberated by the spark will be greatest when the charge is very 
large and when the bodies between which the spark is to occur are 
conductors, so that all the energy stored up in the electrostatic field 
can be expended at once We have shown that the explosibility of 
mixtures of ethylene and oxygen vanes with the concentrations of the 
two gases present 

Let us now endeavor to apply to the present problem some of the 
principles that we have just laid down and see if we are not able by 
such a method to come to some conclusions concerning the role that 
static charges may play in the operating room In the discussion that 
follows, much will be said that applies specifically to the McKesson 
Model G apparatus, and for that reason certain of our conclusions 
may not be true for machines of different make The general princi- 
ples will remain true for machines of all types, but structural variations 
make a great deal of difference in the theoretical possibilities 

Before entering on the next discussion, a word should be said about 
the well known fact that static spark occurs particularly in the winter 
months and, it might be added, in the colder parts of the country The 
reason for these facts is, of course, found in the lower humidity in the 
winter months and in the colder climates 

APPLICATION or THE ELECTROSTATIC THEORY TO THE 
ANESTHETIC MACHINE 

The McKesson Model G machine is essentially a rugged and under- 
slung platform made of steel and supported by three rubber tired 
wheels The single wheel at the front of the machine is fastened at 
the lower end of the metal post on the top of which are located the 
mixing chamber, automatic shut-off valves and the mechanism that 
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supports the supply bags, one on each side of the metal post To the 
front side of the mixing chamber, the ether chamber and the rebreather, 
all in one unit, are securely held by a metal coupling At the opposite 
extremity of this device is the metal connection over which the hose 
leading to the patient is slipped The gas tanks rest, of course, on the 
low platform and are supported by a chain attached to a stout metal 



Fig 2 — ^McKesson model G anesthetic machine (Cut supplied through the 
courtesy of Dr E I McKesson ) 

post arising from the back of the machine The cut from the instruc 
tion book of the McKesson people should make the layout of t e 
machine reasonably clear 

The important points about the construction of the apparatus are 
1 There is sure metallic connection between all parts of the met 
carriage and the important parts mounted on the head of the machine 
clear out to the outlet to lAhich the hose attaches 2 The tanks are 
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grounded to the carnage by means of supporting chains attached to the 
posterior post It should be noted that the insulating cloth tank covers 
shown in figure 3 are not used in this hospital To be doubly sure 
that the tanks are electrically connected to the frame of the machine, 
the rubber mat on which the tanks rest should be removed or holes 
pierced m it so that the tanks may stand on the frame itself from which 
insulating paint has been removed 3 The entire apparatus is insulated 
from the floor by means of the rubber tires with which the machine 
IS provided 4 The breathing tubes are made of rubber in which is 
embedded a spiral conductor running the full length of the hose and 
making electrical connection with the metal collars at both ends If a 
metal facepiece is employed, there exists an uninteirupted metal circmt 
from the metal rims of the wheels out to the facepiece This means 
that if a charge is imparted to any metal part of the apparatus, all the 
metal on the machine receives equally the charge, and no sparks between 
metal parts can occur It also means that the gas machine constitutes 
a conductor of considerable size so that, as observed in our theoretical 
discussion, the stage is set for a lust)' spark should a charged body be 
brought near 

It should be pointed out that simply grounding a machine, as we 
have described, is worse than not grounding it at all if, at the same 
time, precautions are not taken to prevent chaiges from being brought 
near the apparatus The efitect of grounding the machine is to cause 
it to act like a conductor of infinite size, thereby making possible a 
static spark of maximum size This matter is of extreme importance, 
as we find many users of gas apparatus grounding their machines m the 
belief that they have found the panacea that eliminates the danger of 
static discharges Even at the risk of repetition, let us be sure that 
what IS accomplished and what is not accomplished by simply grounding 
a gas machine is understood 

The usual practice is to run a copper wire from some point of the 
machine to a water pipe in the operating room This accomplishes 
one thing As long as the ground connection is intact, it maintains all 
the metal parts on the machine at the same potential as the ground, 

1 e , a zero potential For this reason, no charges can be built up on the 
metal parts of the machine by passage of gases through certain parts 
of it or by other means acting within the apparatus To this extent, 
grounding a machine may be desirable, but, as will be shown later, the 
production of charges on the metal parts of the machine by causes 
acting within the apparatus are of minor importance Suppose a nurse 
comes rushing into the operating room carr}mg a high static charge 
with her The grounded gas apparatus offers the best means for her 
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to get rid of the charge most rapidly and completely (like the radiator 
of our childhood days), so she proceeds to touch some part of the 
anesthetic equipment (or the table or patient, perhaps also grounded) 
Unfortunately the spark jumps quicker than her finger can move and 
before she touches any metal part, the spark has occurred, and perhaps 
an accident Obviously, grounding of the anesthetic equipment, table 
and patient is -worse than useless in preventing sparks due to charges 
that are generated outside and are brought into the danger zone We 
will describe later the methods that have been used to eliminate these 
exogenous charges in other institutions 


STATIC CHARGES PRODUCED BY MOVEMENT OF THE GAS MACHINE 


We Will now describe the different parts of the apparatus and the 
things occurring in the operation that might conceivably lead to the pro- 
duction of charges on the gas machine 

Movement of the entire apparatus from the anesthetic room into 
the operating room or along the corridor facing the operating rooms may 
lead to the production of charges on the rubber tires of the machine 
Equal and opposite charges are, of course, left on the floor over which 
the machine passes This could not occur on floors that are damp or 
that are composed of a substance like the tires (i e , made of rubber), 


but on dry linoleum, wood or tile floors charges are extremely likely to 
occur The amount or the intensity of the charge that can collect on the 
tires will depend on the amount of actual friction that occurs between 
the tires and the floor and the excellence of the insulating qualities of 
the rubber in the tires Obviously, sliding a machine sideways will lead 
to greater charges than simply rolling the machine, and damp weather 
or water on the floor will entiiely prevent the accumulation of charges 


on the tiies It should be understood that charges produced by move- 
ments of the machine generate charges only at the points of contact of 
the tires with the floor, that is, at the periphery of the tires If the 
charges remain in these locations they are of less importance than if 
they spread over the machine, although it must be remembered that even 
an extremely high charge on the tires would, when distributed over the 
entire metal parts of the machine, be greatly decreased in intensity 
the tires are excellent insulators — which is another way of saying if they 


are dry — ^the charges will be confined to the tread of the tires If some 
leakage can occur, part of the charge will be lost on the floor and part 


will leak onto the machine 

A way m which static charges existing at the periphery of the tires 
may be of importance is by producing induced charges on the inter 
connected metallic elements of the machine As ne have descnbe 
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negative charge existing on the tires would cause a positive charge to 
be induced at the nearest point of the conductor, wduch is here the metal 
rims of the wheels, and an equal negative charge to appear at the 
opposite end of the conductor, which w'ould, of course be at the tops 
of the tanks and on the metal facepiece A person or conductor touch- 
ing these points might cause a spark to occur However, it must be 
remembered that the area over wduch these induced charges would fexist 
is a large one and that an extremely intense charge on the tires would 
be required to induce negative charges of consequence on the tanks or 
the facepiece 

Herb,^ and Allen and Murra) hare reported explosions that hare 
occurred wdiile the gas machine was being mored from the anesthetic 
room Nitrous oxide-oxygen and ether were in use when the accident 
took place in Chicago, w^hereas eth)dene w^as being used in Detroit In 
each of these instances it is difficult to attribute the trouble to charges 
that had accumulated by movement of the machine Too many 
exogenous sources of static are present, the importance of which are 
definitely established 

Although it seems that explosion from charges generated by move- 
ment of the anesthetic apparatus can be regarded as unlikely, such a 
source of danger must be kept m mind On several occasions w'hen a 
gold leaf electroscope was used w^e found appreciable charges on the 
tires of machines that had just been wdieeled from the anesthetic rooms 
across the hall into an operating room It was also found that these 
charges immediately vanished when the machine passed over a portion 
of the floor that had been recentl} mopped In eliminating danger from 
this source, then, one must remember that a little moisture will prevent 
charges from being generated or from remaining on the tires Particular 
attention should be paid to this matter in dr}' cold weather when the 
machine has to be transported for some distance 

STATIC CHARGES PRODUCED BY 3I0\EMEXT OF AXESTHETIC 
GASES IK THE ilACHIKE 

We wtU now' discuss the problem of charges that are produced on the 
machine itself wdien the apparatus is m operation We have said that 
charges are produced only when a certain amount of energ}' is expended 
as friction between unlike substances One is forced to conclude that 
the possibilities for generation of static are decidedly limited The 
only conceivable sources of charge on or w'lthin the apparatus are due 
to the passage of gases through the system or to morement of certain 
parts of the machine directly caused by the gaseous movement It is 
plain that in only two places on the machine can such morement occur 


14 Allen, C I, and Murraj, M Surg- Gj-nec Obst 44 690 (Ma>) 1927 
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They aie, of couise, the lubbei supply bags (with the automatic shut- 
off valve mechanism) and the rebreathing bag, provided that rebreath- 
mg IS being employed We will fiist discuss the possibility of charges 
being geneiated by movement of the anesthetic gases themselves 

Luckhaidt^® pointed out the ability of gaseous mixtures flowing 
thiough an insulating tube to pioduce gradually static cliaiges thereon 
It IS also known that liquids (not aqueous) flowing through nozzles or 
constiicted orifices may lead to the generation of dangerous collections 
of static electricit}'’ on the nozzle or in an insulated tank into which the 
fluid falls Gasoline has been exploded by charges originating in this 
way Furthermore, jets of steam passing out through small orifices 
fiom high pressure boilers oi steam lines may carry a high charge 
This steam striking a conducting object may impart the charge to it, so 
that many stiange and perhaps dangerous phenomena may be directly 
tiaceable to an innocent appearing steam jet It is interesting in this 
connection to recall that some of the early machines for the generation 
of laige static chaiges used the principle of multiple jets of steam 
stiikmg on an insulated conductoi from which large charges could be 
obtained 

There exist two places on the gas machine where one might expect 
sizable charges to be geneiated by gaseous friction The first location 
IS at the reducing valve attached to the top of the gas tanks and the 
second is at the automatic shut-off valves located on the head of the 
machine The reducing valve operates undei a great pressure 1,000 
pounds (453 6 Kg ) per squaie inch, or more, on one side, and a 
much lower piessure, from 40 to 60 pounds (18 to 27 Kg ) per square 
inch, on the other side ObviousI)'" the pressure gradient within the 
valve is tiemendous, and within the highly constricted space through 
which the gas must pass, its velocity must be very great One often 
has evidence of the great amount of decompression which occurs within 
the valve in frost which collects outside it Why then does one not find 
laige charges pioduced at this point ^ The answer to this question must 
be found in the construction of the valve and its housing If a jet of 
gas were released to the outside from an ethylene tank, for example, 
with no intermediate valve, it might w^ell be highly charged and impart 
its charge to any conductor on which it impinged However, t ie 
expansion of the gas occurs within a closed chamber that is ma e 
entirely of metal Therefore, even if chaiges are produced at the pmnt 
in the valve where the gases undergo decompression, the charges tend to 


15 Luckhardt, A B Potential Dangers A.ttendant on Ethidene-Oxi'gcn 
thesia, J A M A 82 1603 (May 17) 1924 

16 Standard Handbook for Electrical Engineers, ed 5, New York, i 
Hill Book Company, 1922, p 1850 
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be lost immediately because the charged particles of gas are atti acted to 
the metal wall of the valve where any electrons that might have been 
displaced by the friction incident to the decompression process aie free 
to return to the molecules from which they were removed The whole 
point of the matter is this Friction between gas and metal of valve may 
lead to charges on both These charges must be opposite and equal, 
and following decompression, opportunity foi neutralization of the 
charges is provided especially because the charged atoms of the gas aie 
attracted to the oppositely charged metal Let us emphasize here that 
should a charge be generated at the reducing valve it would appear 
diffusely spread over the metal parts of the machine, for we have shown 
that all these parts are electrically connected 

What has been said concerning generation of charges at the 
1 educing valve applies equally to the automatic shut-off valves It is 
clear, then, that if oui ideas are correct, little danger from generation 
of chaiges by the gases passing through the metal parts of the machine 
can be anticipated Tests with the electroscope on a considerable number 
of machines in operation have failed to reveal the slightest chaige on 
the metal parts of the apparatus It should be pointed out, however, 
that in operation the anesthetist is connected to the metal of the machine 
by her fingeis on the facepiece and that the patient is also in the circuit 
as a result of the same contact The anesthetist by her contact with 
the floor or the patient through the table may piovide a path of leakage 
for chaiges originating on the machine However this may be, it is 
evident that even under the system of operation m many hospitals, one 
involving no precautions for the elimination of sparks, charges on the 
metal of the machine are either not produced or are satisfactorily taken 
care of Grounding the machine to a metal floor aviII absolutely elim- 
inate danger from charges arising on the metal paits of the equipment 
Gases from the tanks pass down to the head of the machine through 
rubber tubes, then from the automatic valves into the large supply 
bags, from which they pass to the mixing chambei From the mixing 
chambei the gaseous mixture, which may now be explosive, either 
passes directly out through the ether attachment and rubber hose to the 
patient or may be shunted through the rebreather before entering the 
hose As we have pointed out, sparks occurring inside the machine 
cannot lead to explosion at points in the apparatus before mixture of 
the anesthetic gas with oxygen occurs Thus explosion in the tubes 
leading from the tanks to the supply bags or in the bags them- 
selves cannot take place, providing the machine is operating properly 
1 his pror ision is added because it is possible, should the check valve at 
the bottom of the mixing chamber fail to seat perfectly, for con- 
tamination of gas in one supply bag from gas in the other to occur 
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If by this means ethylene should leak into the oxygen bag the resulting 
mixtme might be highly exiMosive It should be stated here that the 
probability of the check valve not propel ly seating is not great, 
particularly if it is occasionally removed and inspected to see that it is 
clean and dry 

We must now conclude our discussion of chaiges that may arise 
by passage of the gases thiough the machine by considering the situation 
presented in the nonconducting poitions of the apparatus 

We cannot say definitely that charges are not produced by passage 
of the gases through the lubber hoses employed If any do exist they 
are located on the inside superficial portions of the rubber, and as the 
tubes are of uniform bore, one would expect the charge to be uniformly 
distributed along its walls This being tiue, sparks could not occur 
between adjacent portions of the innei suiface and, furthermore, 
electrified atoms of gas v ould be attracted to the charged rubber located 
more distally, so that conditions for neutralization of the charges, to a 
certain extent at least, would be provided It should also be remembered 
that the velocity of the gases, particulaily m the large breathing hose, 
IS not extremely gieat, and one finds difficulty in understanding how 
fiiction sufficient to produce appieciable charge can result 

If the small hoses connecting the tanks with the supply bags leceive 
a charge, it must be insignificant, since a number of tests with the 
electi oscope have failed to reveal any static on these parts The same is 
tiue of the larger bieathing hose Static chaiges occurring in the small 
hoses are of no impoitance as far as the dangei of explosion in them is 
concerned, for obvious reasons The opposite state of affairs prevails 
with regard to the bi eathmg tube, so that pi ecautions must be taken to 
prevent charges therein, no mattei how vague the possibility for the 
existence of such chaiges may seem to be 

To be certain that the charges do not collect within the breathing 
hose, the entire inside of the hose must be made of conducting material 
electrically connected at the two ends to the metal collars one of whici 
slips over the attachment on the ether chamber and the other onto the 
metal facepiece The tubes that aie supplied with the McKesson machine 
are constructed with a closely wound spiral conductor embedded m tie 
rubber on the inside of the tube If this conductor is in actual contact 
with the gases throughout the inner surface of the hose and maces 
satisfactory electi ical contact with the metal end-pieces, the tube is sa e 
as far as charges geneiated by passage of gases within is 
It should be pointed out that a spiral conductor deeply embedded m 
substance of the lubber hose and not projecting into the lumen 
tube is powerless to prevent accumulation of chaiges on the inner ru 
surface It is not only useless in preventing inside charges, but ^ ^ 
provide a source of static spaik since, as has been shown, a con uc o 
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in close proximity to a charged body has charges induced on it and the 
insulating medium between them may rupture leading to a spark 

We have shown that the passage of the gases themselves through 
various parts of the machine is certainly not important as a source of 
charge within the machine Explosive mixtures exist only in the mix- 
ing chamber and from there outward Sparks cannot occur m the 
mixing chamber because it is entirely of metal interconnected with the 
rest of the machine The same argument applies to the ether attach- 
ment and the rebreather (with an important exception to be considered 
later) The hose, however, may contain an explosive gaseous mixture 
and at the same time present the fuse necessary to set the mixture off 
It IS important to be suie that the hose is designed so that charges can- 
not collect within its lumen 

CHARGES PRODUCED BY MOVEMENTS OF RUBBER REBREATHER 

OR SUPPLY BAGS 

Gases passing through the anesthetic equipment can cause charges 
to arise not only because of friction of the gases themselves on certain 
parts but also indirectly by causing motion and hence friction between 
adjacent structures The supply bags are periodically distended and 
deflated during the operation of the apparatus, and friction occurs 
between the rubber bag and the coarse mesh that surrounds it and 
between the bag and the metal arm attached to the mechanism of the 
shut-off valve When rebreathing is employed, the rubber rebreathing 
bag expands and contracts m synchronism with the patient’s respiration, 
so that friction occurs between the rubber bag and the bottom of the 
metal chamber The problem presented by the lebreather will be con- 
sidered first 

The rebreathing chamber is a cyhndiic metal shell about 8 inches 
(20 3 cm ) long terminating in a rounded bottom in which several good- 
sized holes are punched The upper end of the chamber is screwed 
into the under surface of the ether attachment To vary the amount 
of rebreathing and to make the system a closed one, a cylindric rubber 
bag, fastened on a movable metal ring encircling the metal shell, is 
fitted over the bottom of the device A fine mesh net cover is provided 
for the rubber bag As these bags are made of thin rubber they 
deteriorate after some time and have to be replaced As a matter of con- 
venience in this hospital, as the original bags with the net wore out, 
rubber gloves were substituted for them Thus practically all the 
machines now in use have been equipped with a bare rubber glove which 
serves as the extremity of the rebreathing space 

As McKesson pointed out, respiratory gases never reach this end 
of the rebreathing system since its capaclt^ is far too great For this 


17 McKesson Instruction Book for Model G Apparatus 
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reason, the lubbei glove is al\va}s peifectly diy and contains only 
mixtuies of the anesthetic gases and ethei vapor, if the latter is being 
used It IS hardly necessaiy to say that at some time dtinng ethylene 
anesthesia, highly explosive mixtures of gases may exist here and, 
fuitheimore, that with the administration of nitious oxide-oxygen and 
ethei vapor the same may’’ be tiue 

Observation of the lubbei glove when lebreathing is being used 
proves that a ceitain amount of fiiction between the rubber and the 
rebreathei is always piesent During expiration the glove is ballooned 
out so that it makes scanty contact with the metal shell but during 
inspiiation the rubbei is drawn tightly against the sides of the chamber 
and the fingers of the glove against the lounded bottom The amount 
of friction at this point vanes with the depth of the patient’s respiration 
and the amount of rebreatlung employed Theoretically, m this 
aiiangement the stage is set foi the generation of charges By actual 
tests with the electroscope, chaiges, often of great intensity, are 
regularly found on this lubbei glove, especially toward its lower part 
As a matter of fact, this glove was the only place on the machine where, 
during its opeiation, chaiges could be demonstrated 

It IS a matter of great inteiest to us^to find how well the actual 
electrostatic observations on the machine coincided with the theoretical 
possibilities For example, f notion of iiAber on metal is supposed to 
lesult in a negative charge on the foimeriand a positive charge on the 
latter The electroscope pioved the charge on the glove to be, in fact, 
negative A positive chaige of equal magnitude must, of necessity, be 
generated on the metal rebreatlung cylmdei , but since the i ebreather is 
only a small part of the interconnected metal parts of the machine over 
which this charge must be distnbuted, no positive charge can be 
demonstrated Moreovei, another important fact must be remembered 
Contact between the metal anywhere on the apparatus and a person or 
other conductor will further distribute the positive charge As a matter 
of fact, during an operation the anesthetist and patient are grounded to 
the metallic elements of the apparatus, thus receiving their shares of 
the charge and offering further paths for its dissemination Conditions 
on the rebreathmg glove aie much different Because of the insulating 
nature of the rubber, the negative charge on the glove cannot be con 
ducted away The entne charge is bound to remain in situ, and its 
intensity is correspondingly gieat Thus, by actual test, high negative 
charges are found on the lebieathing glove and nothing on the metal o 
the machine, although equal positive charges must have existed thereon, 
momentarily at least 

Tests of the magnitude of the charges produced on the rubber glove 
bv means of an electroscope giving quantitative readings have shown 
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that potentials of several hundred volts are common The length of 
time over which charges may persist on these gloves is considerable 
Four machines in the anesthetic work-room were examined for charges 
at 2 p ni None of these machines had been used since noon and some 
had been idle for three hours High charges were found on the rubber 
glove on three of the four The one machine on which no charge vas 
present as equipped with the original McKesson rebreathing bag v ith 
the net covering 

The presence of a mesh cover over the rebreathing bag has been 
thought by some to be a source of danger by virtue of friction between 
the two leading to static charge Our experience does not seem to 
confirm this belief In fact, the one machine equipped with the original 
bag and net is the onl} one on which charges have not been found 
during the course of an anesthesia To explain this, it seems that one 
must assume that fnction of cloth against rubber is not so potent a 
souice of charge as friction of rubber against metal Of the latter, 
there can be no doubt 

An extremely important point in connection vnth a charge arising 
on the rebreathing bag is its location Is the charge inside or outside 
of the bag’ Obviously, charges produced on the inner rubber surface 
and leading to spark within the bag are much more serious than external 
charges and sparks on the outside It should be plain that friction of 
a rubber bag with a net cover can result only m charges accumulating 
on the outside of the bag , for this reason, even should charges between 
the netting and the bag be evident, we cannot consider their presence 
to be extremely dangerous 

In view of the foregoing discussion, it can be seen that the charges 
generated by friction of the rubber glove on the metal rebreather are 
highly dangerous The charge on the glove is on its inner surface, and 
as parts of the rubber are continually being drawn in close proximity to 
the metal shell, sparks are likely to occur between the two If the 
mixture in the rebreather happens to be an explosive one at the time 
the spark occurs and the spark liberates sufficient heat to ignite it, a 
tragedy is inevitable Many facts lead us to believe that such a 
mechanism was responsible for a fatal explosion which occurred in the 
maternity wards of the University Hospital several years ago 

It is evident that the rebreathing bag, as it is being used in this 
hospital at the present time, constitutes a real point of danger The 
fact that ethylene is not being employed does not eliminate the hazard, 
for ether vapor and oxygen may, in proper proportions form highly 
explosive mixtures This is a serious defect in the use of the machines 
V Inch must be corrected even though the further use of ethvlene is not 
contemplated 
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The obvious method of preventing accumulation of charge on the 
rebreathmg bags is to so modify them as to make them conductors of 
electricity If, by some method of manufactuie oi some type of treat- 
ment, the rubber could be changed from an insulator into a conductor 
the problem would be solved Some work has been done along these 
lines in the preparation of a leaded rubber bag For some reason, how- 
ever, this product has not appeared on the market The use of water 
m the bags does a great deal to eliminate chaiges which might otherwise 
collect on the glove The routine use of this method for prevention of 
charges is open, however, to two objections 1 It does not seem to 
do the job It must be remembeied that the gaseous current thioiigh the 
rebreather may be very rapid and that water placed in the glove 
evaporates rapidly It has been found that when the water becomes low 
in the fingers of the glove, upper portions of the rubber may be dry and 
possess slight charge 2 It does not seem wise, at this important point, 
to rely for protection on a bit of routine which, aftei months of unevent- 
ful operation, may slip and lesult in a diy glove at the time when 
protection is most needed Even with a staff of highly trained anes- 
thetists, such as we possess in this hospital, it seems unwise to have the 
safety of the patient depend on the peisonal factor Particularly is this 
true if other better means can be devised 

Prof N H Williams, of the Physics Department of the University 
of Michigan, has suggested the use of a manometer or U-tube contain- 
ing fluid to replace the rubber bag In oi der that such a device may be 
used to measure the tidal air, as is done when the bag is employed, the 
layout shown in figure 3 should piove satisfactory 

As can be seen by inspection of the drawing, the rubber bag is 
replaced by a U-tube made of sheet metal The proximal aim of the 
tube IS securely soldered to the metal ring which slides over the 
lebreathing chambei A liquid — ^water, glyceiin or mercury, depending 
on the terminal resistance desiied — is placed in the U-tube Obviously, 
air forced into the rebreather under pressure will raise the liquid m the 
distal arm until a pressure balance is seemed 

To measure the tidal air with the manometei device, one must first 
slide the U-tube up as high as it will go by moving the ring attached to 
the proximal arm up the rebreather The fluid level m the manometer 
is then adjusted so that it lies just at the convex bottom of the rebreati 
ing chamber The tidal air is found by sliding the U-tube down unk 
the correct volume is obtained, using the calibration on the rebreat er 
When the correct point is reached, that is, when the volume of expire 
air just fills the space between the bottom of the lebieather and the 
level, the liquid m the manometer, as seen through the glass wundow^ 
will oscillate perceptibly at each respiration During this process t 
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expiratory -valve on the facepiece must be adjusted so that no air escapes 
from it This device may be open to criticism on the ground that it is 
rather bulky and cumbersome On the other hand, it would eliminate 
the danger so inherent in the use of a rubber bag Moreover it must 
be remembered that the inanometric device need never be replaced and 
requires nothing but an occasional readjustment of the fluid level 
A means for avoiding charges on the rebreather which may prove 
to be valuable is the use of a radioactive substance in the bag It is well 
known that radioactive substances, by the emission of alpha, beta or 
gamma rays, cause ionization of the surrounding air so that the air 
itself may become a conductor of electricity The rebreathmg bag is 
not large and it seems that the use of some ionizing material within it 



might so alter the character of the an within and around the rubber as 
to prevent the accumulation of charges thereon Because of its 
simplicity, a trial of this method would seem to be advisable 

A considerable amount of space has been devoted to the discussion 
of charges on the rebreather because it is felt that, under the present 
operating conditions, danger is always present at this point It should 
be strongly emphasized that an explosion m the rebreather is very likely 
to be fatal to the patient because the explosion travels in both directions 
from the point of ignition, back into the mixing chamber and out through 
the hose, even into the patient’s air passages Explosions occurring out- 
side the machine are not so serious because the explosion is not confined 
to a closed space in direct communication with a person’s vital organs 
Little has been said up to the present concerning charges existing 
on the large rubber supply bags The danger of explosion within these 
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structures, except under very unlikely circumstances, as we have shown, 
IS ml because they contain puie gases fiom the tanks Charges existing 
within the bags can occur only by friction with the gases in them, since 
there is no source of metallic friction This condition may arise but 
it IS difficult to undei stand how charges so produced can be of any 
importance Charges on the outside of the supply bags may arise either 
by friction between the rubber and the enclosing mesh or by friction 
between the metal arm, attached to the automatic shut-ofiE valve, and the 
bag Neither of these sources of static can be very important because, 
during the operation of the machines no charges have been found on the 
bags, with the electroscope To be sure that chaiges do not collect on 
the bag it should be made of conducting material Perhaps the use of 
a radioactive substance in or on the bag, should such a method prove 
valuable on the rebreather, would be advisable as a safety-first measure 
At the present time, it seems that one can regard static charges on the 
supply bags as of minor importance, although it would be advisable 
during the cold winter months to test these parts occasionally with an 
electroscope to be sure that our view is not in error 

In our discussion we have covered charges that arise on the machine , 
either by its movement oi through its actual use, and means whereby 
they can be prevented W e have yet to considei methods of preventing 
static charge outside of the machine 

STATIC CHARGES ARISING OUTSIDE OT THE MACHINE AND 

THEIR PREVENTION 

It is evident from the foregoing discussion that during the operation 
of the McKesson machine there exist very few places on it where 
charges may be generated or accumulate thereafter Charges produced 
by forces operating outside of the anesthetic equipment are harder to 
classify It is evident that they can be brought into the operating room 
by persons or objects entering it, or charges can be produced inside the 
room by movement of peisons or friction between bodies therein A 
system foi prevention of charges within the danger zone must 
(1) maintain the anesthetic equipment, patient, table and surrounding 
objects at the same electrical potential from the time the anesthesia is 
started until it is finished, (2) prevent persons or objects from 
approaching the operating table oi entering the room while canjinj, 
charges, (3) include a realization of the fact that charges can 
generated and can collect on insulating bodies neai the patient if car 
IS not exercised to prevent friction between such objects For examp ^ 
the patient’s hair might be brushed by some unintentional movement an 
a charge thereby be generated 
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To maintain the machine, patient, table, etc , at a constant potential, 
a floor of conducting material to which these objects are electrically 
joined, either by chains hanging from metal parts or by direct contact, 
must be provided The installation at the Presbj-terian Hospital m 
Chicago accomplishes this by a cai;efully designed floor which has been 
described by Herb ^ Their problem was not extremely difficult because 
the anesthetic rooms in the Presbyterian Hospital are not separated 
from the operating rooms by a corridor as they are in the University 
Hospital To take care of the situation here, metaj sheeting, either of 
rustless steel or copper, should be placed on the floor of the anesthetic 
rooms Directly continuous with this and extending across the hall and 
into the operating room should be laid more sheet metal of sufficient 
w idth to make sure that the machine remains on the metal on its passage 
to the operating room Inside the operating room there should be laid 
a large sheet of the same material, of sufficient size to accomodate the 
entire surgical ensemble, with a liberal margin around the edges This 
sheet should, of course, be directty connected wuth the one entering the 
operating room from the hall It should be noted that the thickness or 
amount of metal in these sheets has nothing to do wuth their electrical 
efficiencj The sheets could be made of gold leaf and still serve 
satisfactorily as a conducting medium if they were mechanically able 
to stand the strain In other Avords, the metal sheeting wduch is used 
need only be thick enough to possess satisfactoiy mechanical wearing 
qualities 

The machines should be equipped w ith metal chains fastened 
electncalty to the frame of the machine and dragging an inch or so along 
the floor Any other tables or stands used near the operating table 
should be similarly provided with chains so that all metal objects m the 
proximity of the table are kept at the same potential as the rest 

Nothing specific has been said about grounding the metal sheets 
wfiiich are to be laid on the floors It should be evident that if all the 
sheets are properly joined and the chains are properly connected to the 
moveable equipment and make contact wuth the floor, all the metal parts 
must be at the same potential and sparks betw'een metallic elements of 
the system are therefoie impossible This is true wdiether the floor is 
grounded or not The only ad^ antage that can be secured by grounding 
the system is the assurance that the wffiole outfit will ahvays remain at 
the same potential i e , a zero potential It is conceivable, but unlikely, 
that all the interconnected metal parts might achieve an appreciable 
positne or negative charge so that spark might occur on contact with a 
neutial bod} We ha^e sliowm that a large conducting system, 
particularly a grounded one, offers the best opportumt} for sparks of 
maximal size when a charged body is brought near This hardh con- 
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stitutes a sufficient reason foi not gioundnig the floor, but a grounded 
metal floor presents some danger of short circuit or electric shock since 
one side of the electric power supply to the hospital is also grounded 
and the floor may thus act as one teiminal of an electric circuit Difficulty 
in this direction is especially apt to^be found when electrical devices 
are used in the operating room In view of the evidence, it would seem 
advisable to leave the interconnected metal floor ungrounded, at least 
until some evidence is foithcoming to show such a course unwise It 
should be pointed out that grounding can be done easily at any time if it 
IS thought advisable 

In an effort to prevent the entrance of any one to the operating room 
who might carry a charge, a strip of sheet metal should be carried up on 
the outside of the doors leading to it These metal pieces must be 
electrically connected to the sheet metal flooring and so placed on the 
door that one must touch them when pushing the door open 

No matter how complete and thorough the means for interconnecting 
the metallic parts of the operating room equipment are, it must be 
lemembered that charges may still be generated and exist on insulated 
portions of the apparatus or of other objects within the danger zone 
Friction between nonconducting substances, particularly rubber and 
othei materials, must be avoided The practice of hastily stripping the 
cotton sheets off the protecting lubber one immediately following the 
removal of the patient from the operating table will invariably produce 
high charges on these sheets m suitable weather The possibility of 
explosive mixtures of anesthetic gases existing at this time is, of course, 
not great but one cannot blindly rely on their absence We have shown 
that friction of dry rubber on metal is a potent source of static charge 
Rapid transfer of metal suigical instruments by persons wearing rubber 
gloves might lead to production of charges and to serious consequences, 
particularly at a time when the suigeon’s gloves ivere dry and he was 
operating on the face or neck 

Friction against the rubber breathing tube might cause the production 
of charges on its outer surface For this reason it is advisable to protect 
the rubber from trauma by winding its outer surface with a coarse mesh 
of copper wire, securely soldered at the ends of the tube to the metal 
terminals 

It should be emphasized that sparks occuning outside of the machine 
are important only because it is possible that explosive mixtures of t e 
gases may be present at the point where the sparks occur By using s 
metal floor continuous from the place where the anesthetic is starte o 
the large conductor in the operating room to which the machine an 
other movable objects are electrically connected by dependent chains, 
and by using metal plates on all the operating doors so that a person 
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cannot enter without losing an)' charge that he might possess, a system 
IS formed that laigely eliminates the danger of exogenous charges As 
we have shown, however, there exist other sources of static charge 
which, although they may seem unimportant, must be thought of Many 
of these factors are not readily amenable to preventive treatment In 
view of these conditions, it seems wise to recommend the use of an 
additional safeguard, namely, a device similar to the one used by Salzer ® 
which will provide an exhaust pipe for the exhaled gases and prevent 
then accumulation in the operating room 

As we have mentioned, Salzer employs a metal sleeve which fits 
snugly over the expiratory valve of the McKesson facepiece To the 
sleeve is attached a noncollapsible rubber tube which conveys the expired 
gases to the outside Obviously, the rubber tube used for this purpose 
must be protected, as is the breathing hose, against static charges A 



Outside 


Fig 4 — Arrangement, as suggested by Salzer, for removing expired gases 
from operating room 


piece of the breathing hose covered on the outside by a protective wire 
network would serve admirably for this purpose (fig 4) 

Before we conclude this section of the paper with a summary of 
the recommendations for the prevention of anesthetic gas explosions in 
this hospital, we should briefly consider some of the systems that are 
advocated by workers elsewhere 

We had the privilege of inspecting the installation which has been 
employed so successfully at the Presbyterian Hospital in Chicago We 
were fortunate in being able to talk with Dr Herb and with Mr F B 
Johnson of the Commonwealth Edison Company who was m charge of 
the investigation carried out m the hospital, which led to the system now 
in use The problem at the Presbyterian Hospital was limited to a 
method that would eliminate static charges arising outside of the anes- 
thetic equipment The McKesson machine is employed, but since 
rebreathing is not used, with ethylene at least, charges generated within 
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the machine were not considered of importance It is unnecessary for 
us to describe the details of the system in Chicago for Dr Herb has 
done that ^ The installation provides a floor of conducting material, 
so that chains hanging from the machine and other movable objects can 
maintain all the metal parts of the equipment at the same electrical 
potential The breathing hose is covered by a coarse network of wire, 
the patient is grounded to the table by an adequate conductor, and 
attempts to ground the outside of the rubber supply bags and the 
rebreathing bag to the frame of the machine by means of chains com- 
plete the salient points of the installation An important feature of the 
floor IS that conducting material exists fiom the point where the anes- 
thetic IS staited clear through into the operating room and for a large 
distance around the table so that persons or objects bi ought near it may 
lose any charge they may carry before they arrive within the danger 
zone It will be noted that this system is essentially the same as the 
one advised for this hospital, except that it is recognized that a thin 
sheet metal floor, which is as efficient electrically, will provide a cheap 
and satisfactory means to the same end, and that the flooi wdiich we 
recommended will not necessarily be grounded, as we believe such a 
couise to have decided disadvantages It should be mentioned that the 
system installed at the Presbyterian Hospital has pioved its worth 
During the four winters m which it has been in use, no explosions have 
occuried and tests have shown that chaiges weie no longei piesent in 
the operating room 

The Gatch method of complete rebreathing employed by Poe^^ 
offers definite advantages, as much of the complexity of the anesthetic 
apparatus is done away with The places where charges may be 
produced oi accumulate are gieatly reduced in numbei Moreover, 
with this method the amount of gas escaping into the loom is con- 
sideiably i educed, so that explosions outside of the anesthetic apparatus 
are less likely There are several reasons, however wdiy the adoption 
of such a system in this hospital does not seem feasible 1 The method 
of administration is entiiely different from the one now in use, its 
adoption would necessitate the purchase of new equipment and the 
disposal of a large amount of valuable apparatus — a somewhat expensive 
process 2 We are forced to wonder whether the method is really as 
safe as figures would lead us to believe Has not the freedom from 
accidents experienced by Dr Poe and others been partly, at least, due 
to the more favorable climate in which they live^ The use of a rubber 
bag of some size into which the gases are run and into which tie 
patient breathes does not seem entirely to guarantee the user against 
explosion rvhich, if it did occur, would be most serious to the patient 
The presence of respirator}’’ moisture and carbon dioxide in the bag 
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can baldly be relied on to prevent tbe existence of explosive mixtures 
therein noi can it be said that it is impossible for charges to be generated 
inside the bag 

Lewis and Boehm described a method for preventing static spark 
on 01 near the machine by a method of combined metallic intercon- 
nection and grounding of the apparatus by means of wet towels, placed 
on the operating floor The method seems to have settled the problem 
in their institution, but certain phases of the system seem rather 
inadequate to provide complete protection under all circumstances In 
the first place, the simplicity of the method depends on the assumption 
that floors are grounded conductors The tile floors ordinarily found 
in operating rooms may not be perfect insulators but they cannot be 
considered as good conductors of electricity One must remember that 
the tiles are made of vitreous clay and are not unlike the material used 
for insulators on high tension transmission lines It seems unlikely 
that, unless it is wet, the floor m their own hospital is able to conduct 
electiicity and, hence, that it is grounded at all In the second place, the 
use of moist cloths to tiansfer charges from the machine or patient to the 
floor is open to the objection that this means of piotection introduces 
the “personal factor” into the situation Through carelessness the 
cloths may not be moistened all over and the question is always to be 
asked, are the cloths still wet 2 

SUMMARY or RECOMMENDATIONS TOR PREVENTION OF EXPLOSIONS 

We believe that the following recommendations will provide a safe 
and workable system for the prevention of explosions during the use 
of ethylene oxygen or other anesthetic mixtures in this hospital 

General Measwes — 1 Enforcement of strict regulations prohibiting 
the use of electrical equipment or any obvious source of heat m the 
vicinity of the anesthetic equipment 

2 The suggestions of Dr McKesson for the technic of ethylene 
administration should, in general, be adhered to 

Mecuswes to Pi event Explosions due to Static Spaik Outside of the 
Machine — 1 Thin sheet metal (either copper, brass, or rustless steel) 
flooring forming a continuous pathway from the anesthetic rooms across 
the hall into the operating rooms where it should cover most of the 
floor space 

2 Chains electrically connected to and suspended from the anes- 
thetic machines and other movable equipment so as to drag on the metal 
floor 

18 Lewis, W B, and Boehm E F A Simple Method of Eliminating- 
Danger of Explosion Due to Static Spark in Gas-Ox\gen Apparatus JAMA 
84 1417 (Mav 9) 1925 



224 


ARCHIVES OF SbRGERl 


3 Inspection of breathing tubes to be suie that the spiral conductor 
embedded therein projects into the lumen of the tube and that it is 
electiically joined to the metal pieces at the extremities of the hose 
The bieathing tubes should be coveied by a coarse network of copper 
wne which should likewise be soldeied to its metal ends 

Metal plates, connected electiically to the metal flooi should be 
placed on the outside of all doors leading into the opeiating rooms in 
such a way that one cannot open the door without touching the metal 
plate 

4 Connection betiveen the patient and the metal frame of the 
operating table b}'^ means of a chain ending in a suitable piece of metal 
which must rest against his skin 

5 Holes cut in the rubber mat on the cairiage of the machines and 
insulating paint removed from the metal platfoim at these points so that 
the tanks ivill be positively grounded to the frame of the apparatus 

6 A device such as the one used by Salzei should be installed to 
pi event the exhaust gases fiom being poured out into the opeiating 
1 ooms 

Measuics to Pi event Explosions due to Static Spaik Within the 
Machines — 1 Realizing that the bare lubbei lebieathing bag as it is 
being used at the piesent time is very dangerous, we lecoinmend 
(a) the trial of a small quantity of ladioactive substance within the 
bag, and (b) if the foregoing method does not absolutely prevent 
chaiges from accumulating on the bag, leplacement of the bag with 
the manometiic device described 

2 Inspect the check valve admitting gases into the mixing chamber 
iveekl) to be sure that the valve and the vahe seat are clean and dry 

Tests — During the cold months of the year , car ry out an occasional 
test with a gold leaf electroscope to be assuied that the system is actually 
eliminating the dangei from static electricit)'^ 

Prof N H Williams of the Physics Department of the University of Michigan 
and Mrs Laura Davis-Dunston, instructor in anesthesia and chief anesthetist a 
the Unnersity Hospital, helped in the preparation of this paper 



THE VOLUME OF BLOOD tLOW PER MINUTE 
IHROUGH THE LUNGS FOLLOWING COL- 
LAPSE OF ONE LUNG BY OCCLUSION 
OF ITS BRONCHUS 

EXPERIMENTAL OBSERVATIONS 

RICHMOND L MOORE, MD 

NEW \ORK 

The eftect of atelectasis ^ of a lunsf on the pulmonary blood 
circulation became particularly interesting with the introduction of pneu- 
mothorax m the treatment for certain types of pulmonary tuberculosis 
The significance of this relationship has increased in importance with 
the development of thoracic surgery, because there are few, if any, 
surgical procedures within the thoracic cavity or involving the thoracic 
wall that do not affect the expansion of the lungs In spite of many 
experimental studies, however, theie is no uniform agreement as to the 
exact nature of the lesulting circulatory changes Different investi- 
gators have an ived at conclusions that are diametrically opposed to each 
othei , and the present status of knowledge is at best confusing and non- 
convincmg 

The contradictory lesults are m part due to the fact that so far it 
has not been possible to determine by direct measurement the amount 
of blood that passes through a lung Indirect methods offered the only 
means for the stud\ of this problem, and the methods that have been 
used aie A^aried and in some instances based on concepts now known 
to be eiioneous 

Other causes for confusion can be traced to the several experimental 
procedures that have been used Some writers have described the cir- 
culatoi y changes that accompany bronchial occlusion , others, the circula- 
toiy effects of a closed pneumothorax, and still others, the effects of 
an open pneumothorax VTereas total or partial collapse of a lung 
may lesult fiom all of these procedures, the effect on the pulmonary 

Submitted for publication, Mai 2, 1930 

From the laboratories of the Department of Surgerj, College of Physicians 
and Surgeons Columbia Unnersity, New York 

1 The term “atelectasis,” is used in this paper to denote diminished pulmonary 
expansion and not a state of complete collapse of the pulmonary aheoh The 
term, “apneumatosis,” suggested by Coryllos and Birnbaum (Obstructive Massive 
Atelectasis of the Lung A.rch Surg 16 501 [Tan] 1928) more accurateh 
describes this latter condition 
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circulation, theoi etically at least, may be quite different, because the 
physiologic alteiations associated with each of these conditions are not 
the same When a piimaiy bronchus is totally occluded, collapse of 
the corresponding lung lesults^from absorption of the trapped gases 
As the gases are absoibed, the lung shrinks and eventually comes to 
occupy a much smaller portion of the thoracic cavity The correspond- 
ing half of the diaphragm moves upwaid, and the mediastinum is pulled 
over to fill up the additional space The elevation of the diaphragm 
and the displacement of the mediastinum follow readily, because both 
are yielding structuies The thoracic wall, on the other hand, is rigid 
and cannot be sucked inward Under these conditions, the lung col- 
lapses toward the wall of the chest, and the pressure that is developed 
in the pleural space on the side of collapse during inspiration is prob- 
ably moie negative (i e , unless the mediastinum can move over far 
enough to equalize the pi essui e) than it was under normal conditions 

In closed pneumothorax and open pneumothorax the lung collapses 
toward the mediastinum, and both of these conditions are accompanied 
by a decrease in the negative intrathoracic pressure and a shifting of 
the mediastinum to the opposite side of the thorax In this way serious 
impaiiment of the expansion of the “opposite” lung in the closed half 
of the chest ma)'’ accompany the reduced expansion of the lung on the 
side of pneumothorax Attention was directed to this eftect on the 
opposite lung by Bruns - in 1912 , more recently Graham ® has proved 
it to be true by animal experimentation This is an impoitant consid- 
eration, because, as will be brought out later, some of the methods that 
have been used to estimate pulmonary blood flow are based on the 
assumption that in the presence of a unilateral open oi closed pneumo- 
thorax the expansion of the contralateral lung is normal, or even 
increased 

In closed pneumothoiax, the lung is compressed, and when the 
mediastinum is sufficiently rigid oi sufficiently fixed by adhesions to 
prevent compression of the opposite lung, the intrapleural pressure on 
the side of pneumothorax can be raised to such a degree that it will 
exceed atmospheric pressure even at the height of inspiration These 
aie well known facts I have repeated them here merely to illustrate 
the necessity of distinguishing between the effects of compression anc 
atelectasis when studying the changes in the pulmonary circulation that 
accompany a closed pneumothorax 

2 Bruns, O Untersuchungen uber den respiratonschen Gaswechsel bci 
Erkrankungen der Lunge tind der luftzufuhrenden Wege, Deutsches Arch 

Med 107 468, 1912 ^ 

3 Graham, E A , and Bell, R D Open Pneumothorax Its Relation to tue 

Treatment of Empjema Am J M Sc 156 839, 1918 
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These important physiologic changes must be kept in mind when one 
attempts to evaluate the experimental evidence that has been accumu- 
lated by others If it is not known to what extent the expansion of a 
“collapsed” lung has been impaired, one cannot know accurately what 
IS meant by the term “collapse ” It is of equal importance to know 
also whether oi not the expansion of the opposite lung has been affected 
In general, it may be said that under noimal conditions pulmonary 
expansion is dependent on the amount of negative intrathoracic pres- 
sure that IS developed during inspiration The importance, then, of 
changes in intrathoracic pressuie cannot be overlooked 

The experiments of previous authors are not always specific in these 
important details For some, “collapse” and “pneumothorax” are syn- 
onymous, and many overlook the effect of a closed or open pneumo- 
thorax on the expansion of the opposite lung 

Impressed primarily by the confusion that has arisen from the use 
of the term “collapse” in what might be called a qualitative sense, it 
occurred to me that a method which permitted quantitative measure- 
ment of the expansion and circulation of each lung separately would 
offer an excellent means for the study of the effect of atelectasis on 
pulmonary blood flow In this communication, I am reporting the 
results of such a study Complete collapse (apiieumatosis) of one lung 
(either the right oi left) has been produced in anesthetized dogs with- 
out restricting the breathing of the opposite lung, and the volume of 
pulmonary blood flow per minute through each lung separately has been 
measured befoie and after collapsing the lung The results have con- 
sistently shown that the pulmonar}"- ciiculation is strikingly decreased 
in a lung that has been rendered completely airless by occlusion of its 
bronchus The knowledge and experience gained have led me to believe 
that the method can be used to study the pulmonary circulation in asso- 
ciation with vaiying degrees of compression of the lung, and experi- 
ments of this character aie now being considered 

HISTORICAL REVIEW 

L'lmg Collapsed by Bionclnal Occlusion — Loewy and von Schrotter ^ 
introduced a lung cathetei with a lubber balloon attached to one end 
into a branch bionchus or one mam bronchus of man By inflating 
the balloon, they weie able to cut oft completely the corresponding 
pait of a lung or a uhole lung, from the rest of the bronchial tree 
The} found that a considerable portion of one lung could be deprived 

4 Loew 3 A , and \ on Schrotter, H Untersuchungen uber die Blutcirkulation 
beim Menschen, Ztschr f exper Path u Therap 1 197, 1905 
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of Its ventilation without necessarily causing a decrease in the oxygen 
content of the arterial blood In these experiments they assumed that 
the blood from the unventilated lung would be venous and should cause 
an increased unsatuiation of the arterial blood The fact, however, 
that the saturation of the arterial blood was unchanged, or only slightly 
reduced, suggested that the blood flow through the unventilated lung 
tissue was decreased 

Hess ® estimated the oxygen content of the arterial blood in a series 
of rabbits and then obstructed the primary bronchus of the left lung by 
introducing a tampon cannula and inflating a small rubber balloon which 
was attached to its end Just as Loewy and von Schrotter had done 
before, he reasoned that after bronchial occlusion the arterial blood 
would be a mixture of venous blood (with low oxygen content) from 
the blocked lung and arterial blood (with high oxygen content) from 
the breathing lung Hess assumed that under normal conditions the flow 
of blood through the left lung is one-third less than that through the 
right Assuming further that the normal fraction of blood passed 
through the left lung after its bronchus was occluded, he calculated what 
the oxygen content of the aiterial blood should be from the control 
arterial oxygen content “ and from the oxygen content of the venous 
blood after blocking He found that the oxygen content of the arterial 
blood was approximately'’ what he estimated it to be, and concluded 
that occlusion of a primaiy bronchus does not destroy the circulation 
in the corresponding lung, that approximately as much blood goes 
through after occlusion as before The animals breathed air in all 
experiments, and observations were not made later than from five to 
ten minutes after bronchial occlusion Autopsy never revealed a lung 
that was completely collapsed 

Adams and Morns ’’ noted a marked fall in the oxygen saturation 
of the arterial blood of dogs after occlusion of the main bronchus of 
the left lung Administration of oxygen rapidly raised the arterial 
saturation to normal This return of the arterial saturation to normal 
with one mam bronchus occluded would not have been possible if blood 
were still circulating through the blocked lung The observation sug- 
gested that the diminished satuiation which followed bronchial occlusion 

5 Hess, R Ueber die Durchblutung nicht atmender Lungengebiete, Deutsches 
Arch f klin Med 106 478, 1912 

6 In this calculation the oxygen content of the blood from the breat i 

lung (right lung) is assumed to be the same as the control arterial oxygen con en^ 
The formula from which the calculation is made is given in the paragrap w 
describes the experiments of Weiss r 

7 Adams, D K, and Morns, N Anoxaemia and the Administration 
Oxygen, J Physiol (Proc Ph 3 'Sio] Soc) Si 102-104, 106-107, 1921 
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was piimarily due to insufficient oxygenation of the venous blood in 
the functioning lung (the animals were breathing air), and that the 
circulation in the occluded (collapsed) lung was severely impaired 

Le Blanc ® estimated the oxygen content of the arterial and venous 
bloods befoie and after occlusion of one main bronchus and before and 
after the induction of a one-sided closed pneumothorax In the fiist 
experiments, the bronchus was blocked by inflating a small rubber 
balloon which was attached to the end of a flexible catheter Experi- 
ments were made on dogs, cats and rabbits duiing the inhalation of air 
He found that shutting off one lung from breathing by occluding its 
bronchus was regularly followed by a significant fall in arterial oxygen 
content Assuming that the blood which passed through the functioning 
lung was normally oxygenated, Le Blanc attributed the fall in oxygen 
content to the unarterialized blood from the blocked lung and concluded 
that the circulation m the blocked lung did not appreciably vary from 
the normal Le Blanc stated, however, that at autopsy the lungs of 
these animals were always found to be inflated 

Andrus ^ produced collapse of the left lung in dogs by ligating the 
primary bronchus and studied the circulation through the lungs before 
and after ligation The total volume of blood per minute was deter- 
mined by measuring the carbon dioxide output pei minute and dividing 
this figure by the difference between the carbon dioxide content of the 
venous and arterial bloods The average total volume of blood per 
minute of nine animals before operation was found to be 2,350 cc One- 
half hour after operation, the average total flow was calculated from 
the average pulse volume before operation (19 1 cc ) and the average 
pulse late after operation (141) and found to be 2,680 cc, an increase 
of 14 per cent over the preoperative figure One-half hour after opera- 
tion, he found the average flow through the unblocked lung to be 1,830 
cc, and subtracting this from the calculated total flow concluded that 
850 cc , or only 31 pei cent of the entire cardiac output, was flowing 
through the collapsed lung Twenty-four hours later, he calculated a 
further decrease to 28 per cent and on the thirty-first day a decrease to 
8 per cent 


8 Le Blanc, E Respiratonscher Gasaustausch und Lungendurchblutung 
unter normalen und krankhaften Zustanden der Atmungsorgane Untersuchungen 
am artenellen und venosen Blut von llensch und Tier, Beitr z Klin d Tuberk 
1 21, 1922 

9 Andrus, W DeW Observations on the Cardiorespiratorj'- Physiologj' 
Following the Collapse of One Lung bj' Bronchial Ligation, Arch Surg 10 506 
(Jan) 1925 
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Coiyllos and Bnnbaum^® pioduced expeninental obstiuctive atelec- 
tasis and also expeiimental pneumonia in dogs and studied the lungs 
both by roentgenologic and histologic examination aftei iiitrajugulai 
injections of iodized oil and india ink They found that the iodized 
oil penetiated into the fiiiei blanches of the pulmonary aitery and ren- 
deied them cleaily visible in the x-ray pictures, but did not pass through 
the capillaties to the left side of the heait No differences weie appaient 
in loentgenogiams between the affected and healthy lobes, other than 
dilatation of those branches of the pulmonaiy arter} that supplied the 
atelectatic and consolidated paits The dilatation was attributed to 
obstiuction in the capillaiies 

The India ink was injected undei similar expeiimental conditions, 
but, in contrast to the iodized oil, readily went past the arteiioles and 
penetrated the capillaiies of the alveolai walls The ink. just as the 
oil, was found to be distributed throughout both the affected and noimal 
lobes Striking difieiences, however, were noted in the numbei, size 
and shape of the injected capillaiies of the atelectatic and consolidated 
aieas Coryllos and Eiinbaum related these to the degrees of collapse 
of the coi responding alveoli and concluded that the capillary cnculation 
IS impaiied in both atelectasis and pneumonia, and that the impairment 
IS “due to, and legulated by, the degree of collapse of the alveoli ” 

Bruns came to the same conclusion in 1912 In that year, in a dis- 
cussion of the pulmonary circulation in breathing and atelectatic lungs, “ 
he said 


Es ist also der Beweis erbracht, dass die Durchblutung normal ausgedebnter 
Lungen grosser ist als die kollabierter atelektatischer Lungen, ebenso wie ja auch 
die Blutmenge, die sich in einem gegebenen Augenblick in ausgedehnten, atmenden 
Lungen befindet, nach meinen Untersuchungen grosser ist als die in kollabierten 
Je intensiver der Lungenkollaps, je ausgesprochener die Luftleere der Alveolen, 
desto kleiner ist die Blutmenge und die Stromgeschwindigkeit Die Art er 
Ausschaltung der Atemfunktion spielt keine Rolled- (It has been proved that a 
greater amount of blood passes through normally distended lungs than throng 
collapsed atelectatic ones , likewise, according to my studies the amount of bloo 
present m the lungs at a given moment is greater when they are disteiidea in 
respiration than when they are collapsed The more intense the collapse of t e 
lungs, the less is the amount of air m the alveoli, and the less is the amount o 
blood and its velocity The tjpe of exclusion of the respiratorj function oes 
not play a role ) 


10 Coryllos, P N , and Birnbaum, G L The Circulation in the Compressed 

Atelectatic and Pneumonic Lung ( Pneumothorax- Apneumatosis-Pneumonia 

Arch Surg 19 1346 (Jan ) 1929 

11 Bruns, O Die Blutzirkulation in atmenden und atelektatischen Lungei 
Deutsche med Wchnscbr 39 101, 1913 

12 Bruns’ experiments are described in the section on “Lung Collapse 
Closed Pneumothorax,” p 231, this issue 
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These studies of Coryllos and Birnbaum are interesting, but they 
do not give any information as regards the amount of blood that was 
circulating through the atelectatic and consolidated lobes during life 
The histologic evidence cited, however, indicates that after death the 
atelectatic and consolidated areas contained less mdia mk than the 
expanded parts 

Lung Collapsed by Closed Pnenmotho} a\ — Biuns ^ studied the oxy- 
gen and carbon dioxide contents of both the arterial and the venous 
blood of rabbits, first, with the pleuial cavities intact, secondly, after 
the production of a one-sided open pneumothorax and thirdly, after con- 
verting the open pneumothorax into a closed pneumothorax He noted 
that open pneumothorax was regularly accompanied by a decrease m 
the oxygen contents and an increase m the carbon dioxide contents, but 
that both of these values immediately returned almost to normal when 
the chest was closed This occurred even though the expansion of the 
atelectatic lung on the side of pneumothorax did not return to normal 
for about three days The recovery of these values when the lung on 
the side of pneumothorax was still collapsed indicated, Bruns thought 
that the changes could not have resulted from an admixture of 
imperfectly aerated blood from the collapsed lung He concluded that 
the pulmonary circulation in the collapsed lung (lung on side of pneu- 
mothorax) was considerably reduced, and attributed the decrease m 
oxygen content and the increase m carbon dioxide content to a deficient 
ventilation of the opposite lung Bruns maintained that when an 
opening in the thoracic wall is sufficiently large, the expansion of the 
opposite lung is impaired by a moving over of the mediastinum during 
inspiration , furthermore, that the emptying of the opposite lung during 
expiration is also imperfect, because the mediastinum now absorbs some 
of the pressure that results from collapse of the thoracic wall and eleva- 
tion of the diaphragm by shifting back again to the side of the pneumo- 
thorax 

In other experiments, Bruns estimated separately the colorimetiic 
value of the blood that is present m the right and left lungs of rabbits, 
first under normal conditions and then in the presence of a one-sided 
open or closed pneumothorax He found that normally the amount of 
blood that is present m the right lung is to the amount m the left lung 
as 3 2 After the production of pneumothorax, the readings indicated 
consistently that a lung in the collapsed position contains less blood than 
it does in the position of natural expansion Bruns also studied the 

13 Bruns O Uebcr die Elut/irkulation in der atelektatischen Lunge, Deut- 
sches A-rch f klin Med 108 469, 1912 
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unit volume of blood flow through the lungs before and after the creation 
of a unilateral open, or closed, pneumothorax He accomplished this 
by pei fusing the lesser circulation with defibrinated blood through can- 
nulas which had previously been tied in the pulmonary artery and left 
ventricle The cardiac output was taken as an index of the amount of 
blood passing through the pulmonary vessels The output of the left 
’^entncle was always lower after pneumothorax had been produced 
Bruns concluded that the manner in which collapse was produced 
made no difference He applied his results with equal importance to 
atelectasis from pneumothorax, pleural effusions, pleural thickening and 
bronchial occlusion He attiibuted the diminished circulation to an 
mci eased vascular resistance resulting from the winding and coiling of 
the pulmonary vessels and also to a possible vasoconstrictor effect 

Cloetta^'^ recorded the pressure changes m the pulmonary aitery, 
light ventricle and carotid arteiy during the different phases of respira- 
tion, m dogs, cats and rabbits He controlled the expansion of one or 
both lungs artificially b}^ negative pressure m a plethysmograph and 
observed a fall in carotid pressure and a rise in pulmonary pressure 
whenever the lungs were inflated beyond the first one fourth or one 
third of the inspiratory phase These changes were accompanied by a 
decrease of the systolic pressuie and an increase of the diastolic pres- 
sure within the right ventricle Cloetta also estimated the amount of 
blood in the lungs duiing the different respiratory phases from micro- 
scopic sections, and found that the amount of blood was less in the 
expanded lung than m the collapsed lung As a result of his studies, 
he concluded that the pulmonary ciiculation is least at the height of 
inspiration, much better during expiration and best at the beginning of 
inspiration Cloetta attributed the impairment of the blood flow during 
the latter half of inspiration to a stretching and narrowing of the pul- 
monary vessels During the first part of inspiration, he believed that 
both the length and the cross-section of the vessels were increased ff 
IS worthy of note here that he attributed the favorable influence of 
pneumothorax and thoracoplasty in pulmonary tubeiculosis to an optimal 
flow of blood m the compressed lung 

White and Gammon studied the fate of particles of fat that were 
introduced intravenously into the pulmonary blood stream of rabbits 

14 Bruns (footnotes 11 and 13) 

15 Cloetta, M In welcher Respirationsphase ist die Lunge am besfen dure 
blutet^ Arch f exper Path u Pharmakol 70 407, 1912 

16 White, W C , and Gammon, A M Some New Features of Interest a u 
the Pulmonary Circulation and the Fate therein of Intravenously Introduce a s, 
Tr Nat A Prev Tuberc , Tenth Annual Meeting, 1914, pp 215-220 
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after the production of a unilateral artificial pneumothorax They 
found that all the fat, save a veiy little which lodged at the hilus of the 
lung on the side of pneumothoiax, went into the opposite lung They 
do not mention either the type or the sei^eiity of the pneumothorax that 
was created, nevertheless, the observation suggests that under the con- 
ditions of their experiments an unknowm degree of collapse, or compres- 
sion of a lung, was associated with a seveie impairment or complete 
obliteration of its blood supply 

Brauei maintained that the ciiculation through a lung that has 
been partially collapsed by pneumothorax, or thoracoplasty is slow^ed by 
stasis, and furtheimore, that the increase in the blood flow through the 
opposite lung is slight 

Le Blanc® found that a unilateral closed pneumothorax was regu- 
larly followed by only a slight oxygen deficit of the arterial blood, and 
concluded from this observation that the ciiculation in a lung that has 
been compressed by pneumothorax is consideiably i educed 

Dock and Harrison studied the flow of blood through the lungs 
of rabbits befoie and after the pioduction of a one-sided closed pneu- 
mothorax Studies were made at inteivals of from one houi to five 
days aftei the intioduction of air into the right pleural cavity The 
volume of flow of blood per minute w'as estimated from measurements 
of oxygen consumption and oxygen content of aiterial and venous blood 
samples The proportion of blood passing through the lung on the side 
of pneumothorax was calculated by subtracting the blood flow through 
the breathing lung from the total blood flow Dock and Harrison found 
that immediately (from one to two houis) aftei the production of pneu- 
mothorax the flow through the “collapsed” lung was slightly more than 
half of the total flow, whereas after from three to five days it was less 
than one fifth of the total flow 

In experiments on labbits during the inhalation of oxygen, Weiss 
computed the relative amounts of pulmonary circulation through the 
two lungs after a unilateral closed, and after an open pneumothorax 
The computation was based on the obvious assumption that arterial 
blood from the carotid artery is a inixtuie of blood from both the right 
and the left lungs Weiss reasoned that the character of the blood 
returning to the left side of the heart fiom the lung on the side of 

17 Brauer, L Ueber die operatne Bchandlung der Lungentuberkulose, Deut- 
sciie med Wchnschr 47 548 1921 

18 Dock, W , and Harrison T R The Blood Flo^\ Through the Lungs in 
Experimental Pneumothorax, Am Rer Tuberc 10 534, 1925 

19 Weiss, R Ueber die Durchblutung der Kollapslunge beim experimenfellen 
Pneumothorax, Ztschr f d ges expcr Med 53 138 1926 
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pneumothoiax must necessaiily be venous, and when the saturation of 
the mixed artenal blood did not fall below 90 per cent, he assumed 
that the decrease m satin ation ivas due entirely to the venous blood that 
was returning from the "collapsed” side, and that the circulation through 
the collapsed ’ lung was veiy small Weiss did not think it conceivable 
that a high degree of saturation of the aiterial blood could be main- 
tained if venous blood was coming from the “collapsed” lung in large 
amounts When the saturation of the arterial blood fell below 90 per 
cent, he assumed that the expansion of the opposite lung had been 
affected, and that the decrease was due, not only to venous blood from 
the "collapsed” lung on the side of pneumothorax, but also to venous 
blood from the unaerated portions of the lung on the opposite side 
Weiss calculated the value of X and V from the two formulas 


X + Y = 100 and AX -f VY = M(X + Y), m which A is the per 
cent of saturation of the arterial blood from the breathing lung, V the 
per cent of saturation of the venous blood from the collapsed lung, 
M the per cent of saturation of the mixed blood from the carotid, X 
the per cent of total pulmonary circulation through the breathing lung, 
and Y the per cent of total pulmonary cii dilation through the collapsed 
lung The value of A was assumed to be 102 1 per cent Weiss found 
that the pulmonary circulation through the lung on the side of pneumo- 
thorax was strikingly small m rabbits In several experiments it was 
less than 12 per cent of the total pulmonary circulation 

In contrast to these results, Weiss found in similai experiments on 
dogs that considerable amounts of blood (up to 70 per cent of the total 
cardiac output) may pass through the nonaerated parts of the lungs 
This calculated result was due to the marked decrease in the percentage of 
saturation of the arterial blood which followed pioduction of a pneu- 
mothorax in these animals As already indicated, Weiss attributed this 
conspicuous decrease to a shifting of the mediastinum and partial cal- 


lapse of the opposite lung 

In several experiments, Weiss measured the oxygen absorption of 
his animals in addition to the artenal and venous oxygen contents and 
calculated the cardiac output per minute according to the Fick formula 
He found that in the majority of instances the cardiac output was 


diminished 


Peters and Wolley injected carbon pai tides (lamp black) into a 
vein of the ear of a rabbit after the induction of artificial pneumothorax 
They found that the lung on the side of the pneumothorax filtered out 


20 Peters and Wolley, cited from Lilienthal, H Thoracic Surgef}, 
Philadelphia, W B Saunders Compan\, 1926, vol 2, p 325 
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a smallei quantity ot carbon, and took this as evidence that a smallei 
amount of blood circulated through it than through the opposite lung 

In inoie recent studies on anesthetized dogs, Andrus and Wilson 
found that a closed pneumothorax of moderate size was accompanied 
by a 25 per cent increase in the amount of blood circulating through 
the lungs per minute, wheieas pneumothorax of a larger size reduced 
the circulation through the lungs to 26 5 per cent below its resting 
value The amount of blood flowing through the lungs per minute was 
calculated by dividing the oxygen consumption per minute by the dif- 
ference between the arterial and venous oxygen contents 

Lung Collapse by Open Pnenmothojax — Sackur produced an 
open pneumothorax on one side in five rabbits and one dog and measured 
the oxygen content of the arterial blood before and after the pleura was 
opened He found that the oxygen content of the arterial blood 
decreased 50 per cent after creation of a right-sided pneumothorax 
The change after a left-sided pneumothorax was similar, but less pro- 
nounced Assuming that the ventilation of the lung opposite to the 
side of pneumothorax was inci eased, and furthermore, that as a result 
of this increased ventilation the blood passing through the opposite 
lung was better oxygenated, Sackur calculated the flow of blood through 
the lung on the side of pneumothorax, and found that it was always 
greater than the normal figure 

Sauerbiuch also expressed the belief that in a one-sided open pneu- 
mothorax the inactive, collapsed lung receives the greater part of the 
pulmonary blood supply Reasoning purel}’’ on physical grounds, he 
stated that when the pressure in one pleural cavity approaches the pres- 
sure within the corresponding lung, the pulmonary vessels dilate and 
offei less resistance to the passage of blood The blood from the col- 
lapsed lung IS returned to the left side of the heart with a low oxygen 
content, and anoxemia and dyspnea result 

Mention has already been made of the experiments of Bruns and 
Weiss In contrast to Sackur, both of these authors concluded from 
their experiments on rabbits that the amount of circulation in a lung 
collapsed by open pneumothorax was considerably reduced 

21 Andruc, W DeW and Wilson, J D The Effects of Oosed Pneumo- 
thorax and PhrenlCOtom^ on the Cardiorespiratoo Function, Arch Surg 19 1205 
(Dec) 1929 

22 Sackur Zur Lehre ^or^ Pneumothorax, Ztschr f klin !Med 29 25, 1896 
Weitercs zur Lehre \om Pneumothorax, Virchous Arch f path ^^nat 150 151 
1897 

23 Sauerbruch F Zur Pathologic des offenen Pneumothorax und die 
Grundhgen meines Verfahrens zu seiner Ausschaltung Mitt a d Grenzgeb d 
Med u Qiir 13 399 1904 

24 Bruns (footnotes 2 and 131 
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Yates, who has given much thought to this subject, said that “maxi- 
mum unit volumes of blood are deliveied to unit volumes of lung when 
the lung IS m a position of incomplete deflation coi i esponding to reduc- 
tion but not to abolition of intrapleuial negative pressures He 
quoted the expeiiments of Cloetta in support of this opinion, and 
expressed the belief that one of the important factois in the therapeutic 
value of artificial pneumothorax and phrenemphraxis is the improved 
circulation (pulmonary) in the affected lung Yates attributed this 
hypothetic improvement of the circulation to a decrease in the peripheral 
intravascular resistance, which allows the heart to propel more blood 
Willy Meyer,"" in agreement with Yates, also accepts the evidence 
of Cloetta as probably indicating a hyperemia of the collapsed lung 
Torek,^® on the other hand, expiessed the belief that the greatest 
amount of blood is to be found m the expanded lung, less in the col- 
lapsed lung and least in the compressed lung He said that the negative 
piessure which is responsible for expansion of the lung sucks in blood 
from the light side of the heait, and that when it is increased, as during 
inspiration, there is a consequent increase in the amount of blood sucked 
m, whereas when the negative pt essuie is abolished, as it is duimg 
expiration, the blood is driven out 

Eggers and Kernan,^“ commenting on the virtues of artificial pneu- 
mothorax in certain well selected cases of acute pulmonary suppuiation, 
stated that there is less cn dilation in a collapsed lung than in an 
expanded one '^owing to collapse of the alveoli with coi i esponding 
diminution in the size of the capillaries ” 

METHOD 

Dogs were used They were anesthestized by the intra\enous injection of 
barbital sodium, which was dissolved in physiologic solution of sodium '^blori e 
and given in the proportion of 0 3 Gm drug per kilogram of body weight lo 
preparation of the animals was similar to that originally reported by Churchill an 
Agassiz 30 and recently used by the author in an experimental study of the vaga 

25 Yates, J L Rationale of Operations Helpful in Promoting Recoienes 
from Pulmonary Tuberculosis, Arch Surg 14 369 (Jan ) 1927 , m discussion o 
papers on “Acute and Chronic Nontuberculous Bronchopulmonary Suppuratne 
Lesions,” Arch Surg 16 312 f Jan ) 1928 

26 Yates (footnote 25, second reference) 

27 Meyer, W (footnote 25, second reference, p 309) 

28 Torek, F (footnote 25, second reference, pp 316-317) 

29 Eggers, C, and Kernan, J D Acute Pulmonary Suppuration Selecti^ 
Action of Artificial Pneumothorax in the Treatment of this Disease, Arci 

16 279 (Jan ) 1928 . 

30 Churchill, E D , and Agassiz, A A Method for Separating le 
Breathed by the Right and Left Lungs, together with the Effect of Fumon 
Circulatory Changes on this Divided Breathing, Am J Phjsiol 76 6, 
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control of breathing si It was devised to separate completely the respirations of 
the two lungs and is shown in diagram in figure 1 When anesthesia was com- 
plete, the trachea was exposed through a midhne incision in the neck and opened 
horizontally at a point about 2 inches (5 cm ) above the sternal notch Two 
metal tubes, which were subsequently to divide the trachea into two separate 



Fig 1 — Diagrammatic view of the apparatus The lower part of the sketch, 
which shows the arrangement of the tubes which were used for the separation 
of breathing, was copied from the diagram published b\ Churchill and Agassiz 
(Am J Phjsiol 76 6, 1926) The sketch shows the two separate respiration 
sj stems and the manner m which the respiratorj cur\es were made 

compartments, were then inserted through the opening The tubes were 19 and 
21 cm long and thin-w ailed, and both had an internal diameter of 7 mm The 


31 Moore, R L A Studj of the Hcring-Breuer Reflex, J Exper Med 
46 S19, 1927 
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longer one was curved at one end to conform with the angle at which the bronchus 
unites witli the trachea It had m addition two rubber rings at the extreme end 
with a narrow groove m between for receiving the ligature, which subsequently 
fastened it m the bronchus This tube was passed downward into one bronchus 
The shorter tube was straight It was passed down to the opposite bronchus, but 
did not enter it When the tubes were in place they were temporarily anchored 
by a ligature around the trachea about inch (3 7 cm) below the opening The 
animal was then given artificial respiration through each tube separately and 
turned on the right or left side, depending on whether the left or right bronchus 
was to be cannulated The chest was opened in the fourth intercostal space b) 
an incision beginning 1 inch (2 5 cm ) lateral to the edge of the sternum and 
extending around the chest for a distance of approximately 3 inches (7 6 cm ) and 
the ribs were spread and held apart by a mechanical retractor The lung was 
reflected anteriorly and the bronchus isolated This was done almost entirely 
by blunt dissection to avoid cutting nerve fibers and reduce bleeding to a 
minimum After placing a ligature of heavy silk behind the bronchus, the long 
cannula was manipulated into position and firmly ligated Expansion of all lobes 
of the lung subsequent to this indicated that the correct position had been obtained 
Before completely closing the thorax, the lungs were expanded to expel the air 
from the chest Closure was accomplished b}' suturing the intercostal muscles 
When closure was complete, artificial respiration \vas discontinued and the animal 
breathed naturally The opening m the trachea was now closed by packing muscle 
into the space between the tubes and tracheal wall down to the “anchor” ligature 
and compressing the trachea and muscle against the tubes with two additional 
ligatures This procedure completely separated the breathing of the two lungs 
Each cannula was now connected with a separate closed respiration system, 
including inspiratory and expiratory valves, sodium lime for removing carbon 
dioxide and a small spirometer for recording oxygen absorption curves and 
changes in respiratory movement All animals breathed from 90 to 95 per cent 
oxygen throughout the period of observation As the oxygen was absorbed, it w'as 
replaced through an inlet tube as shown in the diagram 

Every experiment was begun with a series of control observations The oxygen 
absorption, lespiratory rate and respiratory depth (tidal air) of each lung were 
obtained from the kymographic tracings Representative samples of respiratory 
tracings are reproduced in figure 2 The pulse rate was counted with the aid o 
a stopwatch While the tracings were being made, samples of arterial and mixe 
venous blood were collected The arterial blood was withdrawn from the femora 
artery through a cannula or by puncture The mixed venous blood was 
from the right side of the heart by means of a special cannula introduced into t la 
chamber through a slit in the right external jugular vein ^2 The sampes o 
blood were carefully protected from air and transferred immediately to oxa a e 
sampling tubes beneath oil and placed in the icebox until analyzed The oxygen 
content of the samples was estimated by the Van Slyke and Neill®® i\^e 

method and the amounts of oxygen expressed m per cent by volume A o > 
analyses were made in duplicate, and results which did not check within P 
cent by volume were discarded 

32 Stewart, H J The Oxygen and Carbon Dioxide Contents of 

and Mixed Venous Blood in Normal Intact Dogs, J Biol Chem 62 641, 

33 Van Slyke, D D, and Neill, J M The Determination of Gases 
and Other Solutions bj Vacuum Extraction and Manometric Measurement, J 
Chem 61 523, 1924 
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Fig 2 — The respirator} tracings m experiment 7 The three sections were 
continuous and the upper and lower tracings were made b} the right and left 
lungs respectneh In the upper tracing an excursion on tlie arc which is sub- 
tended b} a chord 1 inch long represents a 231 cc change m the ^olume of the 
recording spirometer In the lower tracing, written b} a smaller spirometer, an 
excursion on the arc w Inch is subtended b} a chord 1 inch long represents a % olume 
change of only 141 cc Section A shows the control period, section B, tlie point 
at which tlie left bronchus was blocked and section C, the cur.e made b} the 
right lung twent} minutes later Time interMl, fue seconds 
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The difference between the oxygen content of the arterial and of the mixed 
venous blood gives the amount of oxygen removed from the blood by the tissues 
or from the point of view of the lesser circulation the amount of oxygen taken 
up by the blood in passing through the lungs With these one can calculate the 
total volume of blood flow per minute through the lungs according to the principle 
of Pick 

cc of oxygen removed per minute cc of blood passing 
amount of oxygen absorbed by 1 cc = through the lungs per 
of blood in passing through the minute 
lungs 

Table 1 — Piopoitwn of Oxygen Absothed by Right and Left Lungs 
Respectively aftci Cannulahon of One Main Bionchns and 
Complete Scpaiatwn of the Bieatlnng 


Experiment Numiier Bronchus Cannulatcd 


8 

Left 

T 

Left 

6 

Left 

20 

Right 

21 

Right 

2 

Left 

10 

Right 

11 

Right 

22 

Left 

14 

Left 

16 

Left 

17 

Left 

3 

Left 

1 

Left 


Oxygen Absorbed 


By Right Lung, 

By left Lung, 

Per Cent 

Per Cent 

56 2 

43 8 

62 2 

37 8 

GO 6 

39 4 

GS8 

36 2 

64 5 

35 5 

59 0 

410 

60 6 

39 4 

57 4 

42 6 

571 

42 9 

40 7 

50 3 

56 7 

43 3 

59 0 

410 

60 4 

39 6 

64 2 

35 8 


Average amount of oxygen absorbed by right lung 
in thirteen experiments (experiment 14 omitted) GO 1 

Average amount of oxygen absorbed by left lung in thirteen experiments 
(experiment 14 omitted) 


If the amount of oxygen absorbed by each lung is measured separate^, as it 
has been m my experiments, one can go further than this, and with the same 
formula estimate the volume of flow through each lung separately, provided tia 
the oxygenation of the blood is the same in the two lungs In the presence o 
normal lungs and adequate ventilation, one would hardly suspect this of being 
otherwise, still less so with an increased alveolar oxygen tension which is presOT 
during the inhalation of oxygen There is additional evidence which indica es 
that this was true in my experiments In every instance except one (experimen 
14), the proportion of oxygen absorbed by the right and left lungs was 
approximately m the ratio of 3 2, a ratio which, as a result of observations ma e 
on fourteen different animals (table 1) I have come to regard as V 

dogs Furthermore, in thirteen of the fourteen experiments, the oxygen con 
of the mixed arterial blood ( femoral artery) was not found to va^ to an^ 
appreciable extent from the oxygen content of the aerated blood (tab e ) 
the blood returning from one lung was incompletely oxygenated, this o ' 
would not have been possible The oxygen content of the aerated bloo (OM 

34 Fick, A Ueber die Messung des Blutquantums in der Herzv'entnke 
V erhandl d phys -med Gesellsch 2 16, 1870 
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capacity) was estimated after rotating the sample of blood in a flask for ten 
or fifteen minutes, during which time it was exposed to air at room temperature 
When these observations w'ere completed, the airway to one lung was suddenly 
occluded by clamping the rubber tube connection between the cannula and 
respiration valves, and after a variable period of time all of the studies were 
repeated The latter studies, howe\er, were not made until the blocked lung was 
in a state of complete collapse, demonstrated in every instance by an autopsy 
which was performed immediately after the blood specimens ivere taken The 
oxygen absorption of the patent lung now represents the total oxygen absorption, 
and one can calculate the total volume of blood flow from the formula already 
given The blood flow through the patent lung is calculated likewise by assuming 
that the oxygen content of the arterial blood returning from it is maximal or 
equal to the oxygen content of the aerated blood The truth of this assumption 
is scarcely questionable in the light of the increased ventilation of the patent 
lung (table 7) and the fact that its oxygen absorption at this time is increased 
over the control by the amount that was being absorbed by the opposite lung 
before its bronchus was occluded The circulation through the collapsed lung 
is obtained by subtracting this amount from the amount that represents the total 
flow In this way, tlie maximal amount of blood that could be m circulation 
through the collapsed lung was calculated This method of calculating the blood 
flow through each lung separately was described by Dock and Harrison If it 
IS assumed that the venous blood is not completely oxygenated in the aerated 
lung, the calculations would yield still larger values for the blood flow through 
the patent lung, and consequently smaller values for the flow in the collapsed lung 

rXPERIMENTAL WORK 

The Relative Amounts of Blood Passing Thiongh the Right and 
Left Lungs Aftci Cannulation of One Main Bronchus and Complete 
Sepal atwn of the Bieathing — The amount of oxygen absorbed by each 
lung separately was measured in fourteen experiments, and the experi- 
mental data are presented in tables 1 and 2 It will be noted that with 
one exception (experiment 14) the proportion of oxygen absorbed by 
the right and left lungs was approximately in the ratio 3 2 Excluding 
expeiiment 14, the percentage of ox 3 ^gen absorbed by the right lung 
vaiied between 56 2 and 64 5, and averaged 60 1, whereas that absorbed 
by the left varied beUveen 35 5 and 43 8, and averaged 39 9 I believe 
that these figures represent the normal ratio in dogs, not only for the 
oxygen absorbed by the right and left lungs, respectively, but also for 
the relative amounts of pulmonary blood flow Evidence in support of 
this has aheady been gl^en (see Method) The actual amounts of 
blood, expressed m cubic centimeters per minute, are given in table 2 

It was conceivable that the oxygen absorption of the lung on the 
side on which operation w^as performed might be impaired b} the 
operative procedure either through some restriction of the mo%emcnts 
of the thoracic wall or b} some change resulting from the necessary 
manipulation of the lung This possible traumatic factor was con- 
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ti oiled by cannulating the left bronchus in some experiments and the 
right bronchus in otheis The results weie the same under both 
conditions 

The Changes m Piilmonaiy Cnculation Follozving Collapse of the 
Left Lung — The left bionchiis was totally occluded and the left lung 
1 endered completely airless m six experiments Estimations of the effect 


Table Z—Snnwimy of Efcct of Occluding Left Bionchus (Collapsing Left 
Lung) on Volume of Blood Flow Thioiigh Lungs'' 


Duration of Degree of Change m Volume of Blood Blow 

Bronchial r ~ — — 


n\periraent 

Occlusion, 

Total 

Right Lung, 

Left Lung 

A umber 

Minutes 

Per Cent 

Per Cent 

Per Cent 

8 

17 

—81 0 

—25 0 

— 41 1 

T 

20 

—32 0 

—14 4 

— 60 5 

a 

20 

4- 93 

4-21 0 

— 19 0 

20 

60 

—43 3 

— 30 

—100 0 

21 

00 

—57 9 

—4', 1 

— 81 3 

2 

7o 

—64 6 

—60 0 

—100 0 

'* Increase js 

indicated bj +• , 

decrease by — 

In every instance the 

“blocKed’ lung was 

completely collapsed (apaeumatic) 

when these obserrations nere made 


Jlacroscoplc 

e’cmunations Mere supplemented 

bj microscopic e\ iminations m experiments 

0 md 7 






Table 4- 

~Pi opoi tion of Blood Passing Thiough the Right and Left Lungs 
Bcfoic and Aftei Collapse of the Left Lung 


Volume of Blood 

A olume of Blood 


Flow During Control Period 

riow After Collapse of Left Lung 

Experiment 

Right Lung, 

\ 

Left Limg, 

Tight Lung 

Lett Lung 

Number 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

8 

56 2 

43 8 

02 0 

38 0 

7 

02 2 

37 8 

78 1 

21 9 

(, 

60 6 

39 4 

70 8 

29 2 

20 

63 S 

36 2 

100 0 

0 

21 

64 5 

35 5 

84 2 

15 8 

O 

59 0 

41 0 

100 0 

0 


Average 61 1 

38 9 

82 5 

17 5 


on blood flow in the different aniinais were made at intervals ufnch 
vaiied fiom seventeen to seventy-five minutes after the bronchus was 
occluded In every instance the volume of blood per minute through 
the left lung showed a substantial deciease (fiom 19 to 100 per cent), 
which was most pionounced aftei the longer intervals The average 
decrease m volume of blood pei minute through the left lung was 6/ 
per cent In five experiments (8, 7, 20 21 and 2), the cardiac output 
and the flow through the opposite (right) lung likewise diminished hut 
to a less extent The lattei obserr ations shoved a slight increase in 
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expel iment 6 The pioportion of blood passing through the light and 
lelt lungs duiing the control peiiod aveiaged 61 1 and 38 9 per cent, 
lespectnely Aftei collapse of the left lung the average peicentage of 
blood passing through the right lung increased to 82 5, and that passing 
through the left deci eased to 17 5 The actual values are shown in table 
2 and the peicentage changes m tables 3 and 4 In general, these results 
agree vitli those which i\eie obtained by Loew\ and von Schrotter,'* 
Adams and Aloiris,' Andrus'' and Coryllos and Birbaum It is worthy 
of note that both Hess ^ and Le Blanc,® who concluded that the pul- 
monar\ cn dilation in a blocked lung was not decreased noted at autopsy 
that the lungs of then animals weie inflated 

The Changes m Pnlmonaiy Cnculahon Aftei Collapse of the Right 
Lung — These experiments were similai in every respect to those 


T \Br r 5 — Summatv of Effect of Occluding Right Bionchtts (Collapsing 
Right Lung) on Volume of ERood FIozu Thiough the Lungs" 



Durition 
of Broncbhl 
Occlusion 
Jllnutes 

Degree of Change In Volume of Blood Flow 

A 

Experiment 

Number 

' Total 

Per Cent 

Right Lung 
Per Cent 

Left Lung' 

Per Cent 

10 

lo 

—48 1 

— 75 5 

— 6 9 

11 

15 

—45 2 

—64 8 

—17 9 

22 

15 

—47 4 

—64 6 

—24 4 

14 

00 

24 2 

—65 5 

—14 2 

IG 

00 

—26 2 

— 45 0 

— 13 

17 

GO 

—01 0 

—80 0 

—35 0 

* Decreise 

IS indicated by — 

In every instance 

tbe ‘blocked 

lung was completely 


collapsed (apneumatic) \^lien these observations were made 

Macroscopic examinations were supplemented by microscopic examinations in experiments 
10 14 and 16 

reported under “Changes in Pulmonary Circulation Following Collapse 
of the Left Lung,” with the one exception that the right lung was 
collapsed instead of the left The intervals of time allowed to elapse 
between bronchial occlusion and the second estimations of the volume 
of blood flow varied in this group from fifteen to sixty-six minutes 
Just as in the former senes, all animals showed a conspicuous decrease 
in the volume of blood flow per minute through the collapsed lung The 
decrease varied from 45 to 80 per cent, averaging 65 9 just a trifle 
less than the corresponding figure for the left lung All animals like- 
wise showed a noticeable decrease in cardiac output and a similar, though 
less striking, change m the volume of flow through the functioning lung 
The change m the proportion of blood passing through the two 
lungs w^as equally as striking In these six experiments during the 
control period, the percentage of the cardiac output that passed through 
the right and left lungs a\eiaged 56 8 and 43 2 respective!} After 




246 


ARCHIVES OF SURGERy 


collapse of the light lung, these values weie leversed to 33 2 foi the 
light lung and 66 8 for the left The experimental data are presented 
in tables 2, 5 and 6 

The Effect of Total Collapse of One Lung on the V enUlahon of the 
Opposite Lung and on the Respnatoiy and Pulse Rates —Thtst data 
aie shown in table 7 As we expected, the depth of breathing of the 
opposite lung was consistently inci eased and the degree of increase was 
most marked aftei iight-sided collapse The effect on lespiratory rate 
was variable In thiee instances (experiments 7, 20 and 10), the rate 
showed practically no change In one experiment (experiment 6) it 
decreased slightl}^, and m the other eight experiments it was regular^ 
increased The volume pei minute of pulmonary ventilation of the 

Table 6 — Pi opoition of Blood Passing Thiough the Right and Left Lungs 
Befoie and After Collapse of the Right Lung 


Volume of Blood A’'o]ume of Blood Flow 

Flow During Control Period After Collapse of Right Lung 

A K 


Experiment 

Right Lung, 

Left Lung, 

Right Lung, 

Left Lung, 

Number 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

10 

60 6 

39 4 

28 9 

71 1 

11 

57 4 

42 6 

36 3 

63 7 

22 

57 1 

42 9 

38 5 

91 5 

14 

49 7 

50 3 

22 6 

77 4 

10 

50 7 

43 3 

42 1 

57 9 

17 

50 0 

41 0 

30 9 

091 


Aiernge 50 8 

43 2 

33 2 

60 8 


bieathmg lung, obtained by multiplying tidal air (expansion) by res- 
piratory late per minute, was conspicuously increased in all of the 
expel iments, illustiating the lemarkable degree to which one lung can 
compensate when the function of the other is destroyed Under the 
conditions in my experiments, one lung (either the right or left) could 
easily do the work of two 

Usually the pulse late did not vaiy, or the variation was so slight 
that It was not significant This indicates that the striking decrease 
in cardiac output per minute which followed collapse of one lung was 
accompanied b}^ a pioportional decrease in the stroke output of the heart 
Therefore, it would appear that experimental collapse of one lung during 
the inhalation of oxygen relieved the heart of part of its burden 

PostmoJ teni E xamination — After the final observations, each experi- 
ment was terminated by the intravenous injection of from 20 to 30 cc 
of a saturated solution of magnesium sulphate, and all animals were 
subjected to immediate autopsy The cannula to the nonblocked lung 
was occluded before the thorax Avas opened This prevented partia 
deflation of the lung Avhen the negative intrathoracic pressure A\as 
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destroyed and aftoided an opportunity to compare the sizes of the two 
lungs undei conti oiled conditions Histologic examinations were made 
in five experiments The sections weie fixed m foimaldehyde, embedded 
111 paraffin and stained with eosin and methylene blue The pathologic 
changes were the same in all instances The lung, the bionchus of 
which had been occluded duiing life (collapsed lung), was found to be 
only about one-third the size of the bieathing lung It was deep red, 



Fig 3 — Photograph of the lungs from experiment 6 The left lung was air- 
less, dark red, firm to palpation, heav}-^ and sank in water The right lung was 
expanded throughout the complete extent of all the lobes 

film to palpation, heavy and rapidly sank m vater Its appeal ance 
lesembled that of noimal livei, and its cut surface freely exuded dark 
led blood In striking contrast, the opposite lung was distended and 
of a normal pink appeaiance The pleural cavity on the side of col- 
lapse legulaily contained from 10 to 30 cc of hemorrhagic fluid 

Sections of the collapsed lobes shoved complete obhteiation of the 
alveolar spaces The alveolar septums were everywhere in intimate 
contact wuth each other, and the capillaries appeared to be congested 
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With red blood coipuscles Numeious mononuclear leukocytes weie 
piesent in all the sections, and small foci of blood pigment were fre- 
quently observed 

A photogiaph of the lungs fiom expeinnent 6 is lepioduced in 
figuie o, and photomici ogi aphs of sections of the lungs from expeii- 
ment 6 ai e shown in figui es 4, 5 and 6 



The collapse of a lung which follows bronchial occlusion resu ts 
fiom absorption of the gas that is tiapped in the blocked alveoli 
the ah eoli contain a high percentage of oxygen, this phenomenon occurs 
veiy lapidly, because the oxjgen readily combines with the hemogo 
of the cii dilating blood As the ox>gen is removed, the alveolar va 
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Tig- 5 — Photomicrognph of sections of the upper lobes of the lungs from experiment 6 Reduced 
from a nngnification X 100 In the upper picture (left lung) the aheolar septums are in intimate con- 
tact with each other and the capillaries arc tortuous and engorged w'lth red blood cells The black 
specks which resemble bacteria are fragments of blood pigment The lower picture (right lung) does 
not show am appreciable eariation from normal 
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shrink and fall together, and eventually the lung becomes airless Defla- 
tion occurs much more slowly if a bronchus is occluded during the 
inhalation of air, because under these conditions the alveoli contain a 
laige percentage of nitrogen with which gas the blood is normally 
satuiated These phenomena have been obseived by Mooie and Har- 



\ 
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Fig 6 — Photomicrograph of section of the left upper (collapsed) lobe from 
experiment 6 Reduced from a magnification X 400 Here the engorgement o 
the capillaries is shown in greater detail 


nson when the chest was open and the animal was receiving artificial 
respiration This mechanism for collapse uas fiist described by Licht 
heim and was recently emphasized by Coryllos and Birnbatim 

35 Moore, R L, and Harrison, T R Unpublished experiments 

36 Lichtheim L Versuche iiber Lungenatelektase Mch f exper a ’ 
Pharmakol 10 54, 1878 
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COii:MENT 

The lesser circulation is concerned primaril}, it not entirely, with 
the absorption of ox\gen and the elimination of carbon dioxide and 
heat This is rendered possible b} the alternate expansion and collapse 
of the lungs (puhnonar\ i entilation) Through this mechanism air is 
brought into close contact u ith the circulating blood the alveolar supply 
of OX} gen IS repeated!} replenished, and the elimination of carbon 
dioxide IS accelerated The amount of ox}gen that will be removed 
from the lungs by the blood in a unit of time (proMded the supply is 
adequate) will largely depend on the amount of reduced hemoglobin 
with ^^hlch the oxygen comes in contact I know from clinical experi- 
ence, and my experiments have demonstrated clearly that one healthy 
lung IS sufficient to take care of the oxygenation of the blood This can 
be done with gi eater ease and with less strain on the circulation vhen 
the alveolar ox}gen tension is increased by the administration of ox}gen 
If the ventilation of one lung is severely impaired by pneumothorax, 
bronchial occlusion or consolidation the supply of ox}gen to this lung 
may be diminished to the point of being inadequate Under such con- 
ditions the blood that lea\ es this lung will enter the systemic circulation 
with a low oxygen content, and anoxemia will result If, howevei, a 
diminution m blood flow accompanies the decrease in ventilation and not 
an increase in flow, as maintained by some authors, anoxemia may not 
follow, or its degree mil be less Therefore, from the physiologic 
standpoint it is easier to conceive of a diminished pulmonar} ventilation, 
which IS accompanied by an increased pulmonary blood flow, working 
to the disadvantage rather than to the advantage of the organism, 
whereas simultaneous and proportionate decrease in both of these func- 
tions, such as occuried in my experiments, would be advantageous 

Furtheimore, that a beneficial effect on a healing process would come 
from an increased venous blood supply, as maintained by Cloetta and 
Yates,'® IS open to question In regard to the lung, it is not known to 
what extent venous blood shares the responsibility of nourishing lung 
tissue That the bronchial supply is adequate for this is proved by the 
fact that necrosis of lung tissue does not follow ligation of the pul- 
monary artery 

This paper would not be complete without a discussion of the possible 
causes of the diminished pulmonary circulation in the collapsed lung 
In this condition, m addition to the actual decrease in the amount of 
blood passing through the collapsed lung in a unit of time two other 

37 Schlaepfer, K The Effect of tlie Ligation of the Pulmona^^ \rter% of 
One Lung without and with Resection of the Phrenic Xerie, Arch Surg 13 623 
(Xov ) 1926 Yoore, R L Unpublished experiments 
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obseivations stand out in unpoitance (1) the lelative decrease in the 
fi action of blood passing through the blocked lung (as compared with 
the relative increase in the fi action passing through the functioning 
lung) which occured after collapse, and (2) the accompanying deciease 
in cardiac output The deciease in the propoition of blood passing 
through the collapsed lung indicates that local changes within the col- 
lapsed lung itself weie at least paitly responsible foi the deciease in 
its circulation Of the possible local iactois, tno aie especially deserving 
of consideiation first absence of lung motion and second, mechanical 
obstruction in the capillaiies 

The Significance of Iniinohiliaation of the Lung — In legard to this 
factor, it IS fiequentl}'' stated in the liteiatuie that the alternate expansion 
and collapse of the lungs suppoits the flo\v of blood through the capil- 
laries In my expeiiments, the elastic sti etching and lecoil of one 
entire lung was destioyed What w'^as the eftect of this immobilization 
of the lung^ Could it have led to stasis in the vascular bed, rvliich in 
tuin piecipitated the ciiculatoiy changes that weie observed? 

In attempting to answ^er these questions it is at least of some sig- 
nificance to call attention to the fact that total immobilization of a lung 
does not completely inteiiupt the pulmonary blood flow My results 
show this Fuithermoie, if immobilization of a lung did completel) 
interrupt the pulmonary blood flow, total collapse would not follow so 
quickly in the footsteps of bionchiai occlusion Total collapse of a 
blocked lung that contains oxygen presupposes absorption of the oxygen 
by the pulmonary blood stream This is necessaiily so because the 
oxygen tension within the alveolai spaces is ahvays gi eater than the 
oxygen tension of the A'^enous blood The character of the oxygen 
absorption cuives is still moie convincing that complete collapse of a 
lung which comes on so soon aftei bionchial occlusion (when an animal 
IS breathing oxygen) is due to absorption of the trapped oxygen by the 
venous blood I have noted repeatedly in all of my experiments that 
for the fiist few minutes following bionchial occlusion the oxygen 
absorption of the opposite lung is eithei unchanged or onl}’’ shghth 
increased Then the cun^'e becomes steepei, and the oxygen absorbed b) 
this lung equals the amount that rvas being absoibed by both lungs vhen 
the control obsei A>'ations were made The change does not come for 
several minutes, because it takes this long foi the oxygen trapped in tm 

blocked lung to be removed by the blood 

In anothei study I reproduced tiacmgs showing that partia 
occlusion of one mam bionchus of a dog -was followed by a decrease m 
the amount of oxygen absorbed b}'" the coi i espondmg lung anc 


38 Moore (footnote 31, fig- 2, p 827) 
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increase in the amount absoibed by the opposite King Undei the 
experimental conditions that existed, the decrease m the oxygen absorp- 
tion of the partially occluded lung most probably repiesented a coi- 
respondmg decrease in the pulmonary blood flow, because the lung was 
not deflated and the supply of oxygen was not impaiied This obsei ra- 
tion suggests that limitation, or absence, of lung motion may contribute 
to the reduced ciiculation m pulmonaiy collapse The fact that the 
pulmonary circulation is not destroyed when a lung is immobilized, as 
bi ought out at the beginning of this paragiaph, does not imply that it 
IS not reduced 


Percenta-rfe. Inter-va,l of time after bronchial occl-usion 

De,ci.ea,^e. 75 kO 15 15 15 &0 20 17 t,0 GO 29 



fractions of blood passing through the collapsed and breathing lungs Changes 
followed occlusion of one main bronchus and absorption of the gases trapped in 
the aheoli of the corresponding lung Ihe numbers at the top of the chart 
represent the interrals of time m minutes i\hich nere allowed to elapse between 
bronchial occlusion and these second estimations of blood flow The numbers 
below' represent the different experiments A complete explanation of the chart 
IS gnen m the text 


The Significance of OhHincfion in the CafiiUaiy Bed — ^Most of those 
writers w-ho hate desenbed a diminished ptilmonait circulation in a 
collapsed lung hat e attributed the deci ease to a mechanical obstruction 
m the capillart bed Thet hate said that such an obstruction is caused 
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by the m uiding and coiling of the vessels which accompany contraction 
of lung tissue I have not produced any evidence either foi or against 
this opinion My microscopic sections show tortuosity of the capillaries, 
but It would be purely theoretical to conclude fiom this that the flow of 
blood IS letaided One cannot estimate function fiom morphologic 
appeal ances 

The Significance of the Deciease in Caidiac Output — If local changes 
within the lung itself weie wholly responsible foi the decreased flow of 
blood through the collapsed lung, one would expect some increase m the 
ciicuiation thiough the functioning lung This occuired, however, only 
once in my expeiiments (experiment 6) In eleven instances of twelve 
the reduced flow thiough the collapsed lung was accompanied by a 
deci ease not only in the volume of flow tin ough the breathing lung, but 
also in the total cai diac output These changes have been correlated in 
figuie 7, and a study of the curves sheds an inteiesting light on the 
mtei pi etation of the circulator}'^ adjustments The changes in cardiac 
output (expressed m peicentage of the initial values) in all experiments 
are aiianged in decreasing oidei of magnitude, and against each measure- 
ment are plotted the simultaneous changes m the fractions of blood 
passing thiough the light and left lungs If expeiiments 20 and 14 aie 
ovei looked, it will be observed that the deciease m cii dilation through 
the collapsed lung closely paiallels the decrease in cardiac output It is 
leasonable to assume that the deciease in caidiac output was precipitated 
by bionchial occlusion, oi one of the consequences of bionchial occlusion 
(such as immobilization, or collapse of the lung), because the formei 
ahvaj^s followed the latter This conspicuous deciease m cardiac output 
is interesting, because it accounts for the lathei sti iking percentage 
decreases in the fractions of blood passing through both the deflated 
and the bieathmg lungs, and, furthermore, because it offers an explana- 
tion of the marked diffeiences that were observed in the percentages 
representing reduced flow m the collapsed lungs AVhen the left lung 
was collapsed, the percentage of decrease was greater after the longer 
intervals, but the time element did not offer a satisfactory explanation 
foi all of the observations The close parallelism, however, obser^e 
betiveen the decrease in cii dilatory flow through the collapsed lung an 
the decrease m cardiac output, indicates plainly that the two weie relate 
to each other To what extent, however, the circulation through the 
collapsed lung was affected by local changes within the lung itself an 
to what extent by the accompanying decrease in cardiac output, one is 

not able to say 

The curve that represents the fractions of blood passing ^ 

breathing lungs is more irregular Theoretically, the irregularit} o 
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curve could be caused by varying fractions of blood which were shunted 
through the bieathing lung, either by absence of lung motion or obstruc- 
tion m the vascular bed on the side of collapse 

Just w^hy the decrease in cardiac output was moderate m some animals 
(it increased m one) and large in others is not cleai Noi is it com- 
pletely clear ivhy the cardiac output decreased at all It is conceivable 
that stagnation of blood in the blocked lung ivas responsible for a part of 
the decrease The increase in cardiac output that occurred in experiment 

Table 7 — The Effect of Occluding One Main Btonchus (Collapsing One 
Lung) on the Respiiatoiv Rate, Puhe Rate and Expansion 
of the Opposite Lung 


Tidal Air 

A 


Evperi- 


Respiratorj 

f 


A 

Left Lung, 

\ 

ment 


Rate 

Pulse Rate Right Lung 


iviimber 

Conditions 

per Minute per Minute 

Cc 

Cc 

J. 

r 

8 

Control 

43 

196 

33 

23 



Left lung collapsed 

50 

204 

55 

0 

06 0 

7 

Control 

43 

184 

39 

29 



Left lung collapsed 

44 


53 

0 

35 9 

6 

Control 

SO 

156 

27 

24 



Left lung collapsed 

77 

154 

40 

0 

32 5 

20 

Control 

13 

160 

88 

17 



Left lung-collapsed 

12 

130 

115 

0 

30 6 

21 

Control 

23 

108 

41 

25 



Left lung collapsed 

19 

116 

61 

0 

48 8 

2 

Control 

21 

148 

35 

35 



Left lung collapsed 

27 

147 

60 

0 

714 






Average 

47 0 

10 

Control 

13 

175 

02 

86 



Right lung collapsed 

12 

173 

0 

102 

68 7 

11 

Control 

20 

160 


27 



Right lung collapsed 

40 

160 

0 

64 

137 0 

22 

Control 

31 

162 

41 

37 



Right lung collapsed 

48 

156 

0 

53 

43 2 

14 

Control 

30 

120 

32 

27 



Bight lung collapsed 

47 

139 

0 

44 

62 9 

10 

Control 

19 

103 

OJ 

43 



Bight lung collapsed 

20 

134 

0 

70 

62 7 

17 

Control 

41 

128 

30 

34 



Right lung collapsed 

50 

159 

0 


07 0 






A^ erage 

73 0 


♦For the intenal of time elapsing between bronchial occlusion and the second obsenations 
see table 1 

t The figures m this column represent the percentage Increase in the tidal air of the 
‘ opposite" lung 


6, hoivevei, makes this interpretation doubtful It is equally difficult to 
connect the deciease in cardiac output ivith inti athoracic pressure 
changes If it is assumed that the interpleural partition (mediastinum) 
111 the dog IS a freely movable structure and can shift over far enough 
towaid the collapsed lung to equalize the pressure in the two pleural 
cavities, the amount of negatne intrapleural pressure that is de\ eloped 
during inspiration after collapse probabl} does not differ appreciabh 
from the normal I beheie that this was the situation in all of m3 
experiments Theoreticall} (from the standpoint of pressure changes 
alone), one would not ha^e expected am variation in the filling or out- 
put of the heart 
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One must exeicise caution when applying the lesults of anima! 
expel imentation to clinical conditions I leahze this, but the uige to do 
reseaich, with some at least, originates in the clinic, and the real pleasure 
comes when one applies one’s ideas to the understanding and treatment 
of human disease I undertook this study piimarily because I was 
inteiested in the physiologic alteiations that accompany collapse Some 
of those investigatois who have pieceded me, however, notably Cloetta 
and Yates, enteied into a theoretical discussion of the theiapeutic value 
of the ciiculatoiy changes that accompany this condition Both of these 
authors expiessed the belief that wdien a lung is put in the position of 
incomplete deflation its pulmonar)'^ circulation is increased, and that this 
increase in cii dilation is one of the desiied and valuable effects of 
aitificial collapse in clinical conditions I have not studied the ciiculation 
in a partially deflated lung, but my results suggest that in cases of 
complete deflation (apneumatosis) of a lung the changes in the pul- 
monaiy blood cu dilation w'^ould piobably have a letarding influence on a 
diseased piocess because the blood flow is so stiikmgly reduced I am 
inclined to believe that lestmg the lung is of greater therapeutic value 
than the accompanjang cn dilatory changes 

Fuitheimoie, I have pioduced expei imentally a condition that is 
seen in a suigical w^aid most fiequently as a postopei ative complication, 
and it IS now definitely known that many cases of clinical collapse are 
due to bionchial occlusion This condition has leceived much comment 
in the liteiatuie within lecent years It is most often one-sided, and 
although a one-sided massive collapse is not fatal unless complications 
develop, the suffereis may be veiy uncomfortable, and are frequently 
dyspneic and anoxemic That then anoxemia is not due entirely to the 
passage of fi actions of blood through completely unaerated channels is 
suggested wdien the administration of oxygen relieves their cyanosis and 
allows them to breathe easiei When one lung of a dog is rendered 
functionless during the inhalation of oxygen, the i eduction m the 
saturation of the aitenal blood is usually slight To me, this is an 
expel imental confirmation of the advisability of giving oxygen 
cyanotic cases ivith massive collapse 

SUMMARY 

The lespiiatoiy movements and oxygen absorption curves of the 
right and left lungs weie recorded separatel}^ in fourteen experiments on 
anesthetized dogs during the inhalation of oxygen After total occ usion 
of one pnmar}'^ bronchus and complete collapse of the correspon b 
lung, similar tracings wmie taken of the opposite nonobstructc ^ 
Simultaneous estimations of the oxygen contents of the mixe leno 



MOORE— VOLLME OF BLOOD FLOU' FHROUGH LLNGS 257 


arterial and aerated blood specimens were made The data obtained 
have been used to calculate cardiac output and fractions of blood passing 
through the pulinonai\ s\stem ot each lung sepaiateh first under 
lelatively normal conditions and secondl} at 'iar 3 mg lnter^als after 
bronchial occlusion and complete collapse of either lung It was found 
that 

1 When breathing w as free the amounts of ox) gen absorbed b}^ the 
right and left lungs, respective!) , w^eie appi oximatel) m the ratio of 3 2 

2 Under siinilai conditions, the fractions of blood that passed 
thiough the right and left lungs w'ere m the same ratio 

3 Total occlusion ot one primar) bronchus was regularly followed 
by complete collapse ot the corresponding lung 

4 Complete collapse of one lung (eithei the light or left) w^as 
accompanied by a conspicuous decrease in the pulmonary blood circula- 
tion on the aftected side 

5 The cardiac output and the circulation through the opposite lung 
decreased to a less extent m elei en of tw’^elve instances 

6 The peicentage decrease of blood flow" through the collapsed lung 
varied directl) w'lth the deciease m cardiac output 

COKCLUSIOXS 

The reduced pulmonar) blood flow" m a lung that has been completely 
collapsed by bronchial occlusion results m part from local changes 
wuthin the lung itself and m part from the accompanimg decrease in 
cardiac output Of the local conditions, absence of lung motion is 
probably of some impoitance 



MULTIPLE NEUROFIBROMATOSIS (von RECKLING- 
HAUSEN’S DISEASE) 

WITH SPECIAL REEERENCE TO MALIGNANT TRANSFORMATION^ 


KIYOSHI HOSOI, MD 
Senior Eugene Littauer Research Fellow in Pathology 

ALBAN\, N -V 

Since the epochal woik of von Recklinghausen ^ in 1882 , there has 
been much discussion about the origin and nature of neurofibromatosis 
Although the liteiatuie contains hundreds of repoited cases of multiple 
neurofibi oinatosis, the condition is not of frequent occurrence in the 
experience of any one physician Malignant transformation of these 
cutaneous oi deep-seated nodules is of unusual interest, especially when 
one IS able to follow a case like the one here lepoited from the stage 
of benign neuiofibioma to that of spindle cell sarcoma 


REPORT or CASES 

Case 1 — Histoiy — 'W F, a white man, aged 28, was admitted m 1927 to the 
service of Dr George E Beilby, Albany Hospital, with the chief complaint of sore- 
ness in the right side of his neck and lumps on both sides of his neck Except for 
the usual diseases of childhood, his general health had been excellent In 1920, his 
tonsils and adenoids were removed His family history was not remarkable As 
regards his present illness, the patient knew he had had a “goiter” for about ten 
years, but it had been symptomless until July, 1927 At that time, he noticed a 
“drawing” and an ache in the side of his neck The swelling itself did not increase 
in size, possibly it had grown slightl}’’ smaller He had had headaches at night 
while at work in the railroad yards There were no tremors of Ins hands, no 
sweating or flushing and no loss in weight 

Eramiuatwu — Physical examination showed a well developed and well nourished 
young man There was no motor restlessness The skin was soft and cool, and 
showed no flushing There were numerous soft tumors m the skin, varying m 
size from about 2 mm to 5 cm in diameter Most of these cutaneous nodules 
were sessile, others, pedunculated Their distribution ^\as irregular The larger 
soft masses were on the right shoulder, the upper part of the left arm and tl^ 
left knee There was also an irregular brownish pigmentation of the skin 
few pigmented areas measured from 2 to 5 cm in diameter, but most of t icn’ 

resembled freckles (fig 1) i M t 

The skull was symmetrical There was a slight tenderness over t le rin 

mastoid and some fulness on the right side of the pharj nx as if a s\\ el mg o 

the outside were pressing inward . , 

The neck was large and as 3 "mmetrical, due to bilateral, large osse 
masses The mass on the right side was the larger, and extended almost o 

^ Submitted for publication. May 2, 1930 . „ 

From the Department of Pathologj'', Albanj Jledical Co a 

Pathological Laboratory of the Albany Hospital 

1 von Recklinghausen, F Ueber die multiplen Fibrome d^r Haut i 
Beziehung zu den multiplen Neuromen, Berlin, A Hirsclmald, 188-, PP 
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tip of the mastoid process, bejond the midline and down behind the clavicle 
The lower pole was not palpable Pressure on the lower edge caused coughing The 
mass on the left side was not so large, its lower pole was also not felt The 
trachea was markedly displaced to the left Many small, indurated discrete 
nodules were palpable on both sides of the neck The total tumor mass was firm 
and somewhat irregular A loud systolic bruit could be heard over it There 
were large dilated veins over the right side of the neck and shoulder 


t 



Tig 1 (case 1) — Patient’s back, showing the cutaneous nodules and the patchy 
pigmentation, appearing mosth as freckles 

The chest was well de\ eloped The right supraclaMCular iosst was almost 
obliterated, the left cla\icle being the more prominent There was a slight 
increased comcxit\ of the right side of the chest posteriorh The expansion of 
the chest w as good and s\ mmetncal The lungs w ere e^ er\ w here resonant, except 
for a slight impairment at the apex oi the right lung The breath sounds were 
loud and bronchoxe'icular, especialK at the apex and on the anterior and 
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postenor part of the nght lung The heart was not remarkable The abdomen 
showed no important findings doaomen 

There were many bilateral, enlarged, indurated nodules in the cerwcal aMllari 
epitrochlear and inguinal regions ’ 

Roentgen exam, nation by Dr Will, am P Howard showed a large mass ,n 
the mediastinum extending above the heart into the root of the neck, which sug- 

dfamir "tasnring 14 cm its greatest transverse 

diameter The trachea was displaced toward the left and apparently compressed 



Fig 2 (case 1) — Roentgenogram showing a verj^ large mediastinal mass pro- 
truding into the right pleural cavity and extending from above the heart into the 
root of the neck The trachea is displaced toward the left 


The urinalysis was of no interest The Wassermann test of the blood vas 
negative 

Opej atwn — At operation, an exploratory thyroid incision was made The 
tumor mass extended behind the manubrium sterni and was soft As to a 
removal would necessitate resection of ribs, only a piece of the tumor was remme 
for diagnosis The pathologic diagnosis by Dr Victor C Jacobsen was edema o 
fibroma The patient wms discharged improved 

Second Admission — The patient was readmitted to the hospital m 
1928, for further observation Except for the operatue scar, the ph)Sica 
were essential!} the same as those previously described 
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In July, 1928, the right side of the neck became enormouslj swollen It was 
incised, and some degenerating necrotic material was allowed to dram Roentgen 
examination at that time showed a large mass projecting from the root of the 
neck into the right side of the chest, displacing the trachea toward the left side 
This area w'as approximately 13 by 12 cm 



Fig 3 (cace 1) — Appearance of patient on his fiinl admission Note the large, 
irregular, almost pendulous tumor mass m the neck, the main small cutaneous 
fibromas sessik and pedunculated, and the patches oi pigmentation 

Tlitid Adtitu^ion — The patient was admitted to the hospital lor the third 
tune in September, 1928 The chief complaints at this time were jnin and ache 
in the lett side oi liis liead and in his leit shoulder Examination showed numerous 
sessile or pedunculated tumor masses m the skin aloiitr the cour=c oi dific'ent 
iierees aarMiier m size irom 2 mm to 5 cm In the neck, there were large, 
as\mnietrical bilateral mas-.L- 1 irger on the right which extended to the right 
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mastoid process (fig 3) The lower pole extended behind the sternum Pressure 
over this region caused coughing The lower pole on the left side was also not 
palpable The trachea was displaced to the left The left clavicle appeared 
shghtl 3 '’ prominent Many other small discrete skin nCdules were palpable 

At operation, the tumor masses were found to\ be markedly vascular 
That portion projecting above the sternum was myxornVtous and very friable 
Anteriorly, it crossed the midline to the left, evidently mvaXig muscle Bleeding 
rvas controlled by sutures Two drains w'ere inserted in me cavity formed by 
the removal of the part of the tumor mass The pathologist’s\iagiiosis this time 
w'as spindle cell sarcoma ** 

After leaving the hospital, the patient continued to grow^ w'orse, and he died 
a month later Autopsj' could not be obtained 


jSIici oscopic Eiauiimtion of Tissue Removed m 1927 — The specimen was 
fixed in Zenker’s solution Paraffin sections were stained wnth hematox^lm and 
eosin, van Gieson’s triiutrophenol fuciisin, Mallory’s phosphotungstic acid 



hematoxylin, Weigert’s resorcin fuchsin, Foot and Menard’s ammonium silver and 
Laidlaw’s lithium silver 

All the sections were very poor in cells, which were widely separate rom 
one another by edematous stroma composed of little reticulum but of 
thin, wavy strands of collagen These cells were either spindle-celled or ste a 
m shape and small The nucleus was generally ovoid, more or less vesiw ar, an^ 
had a minute insignificant nucleolus There were no mitotic figures i o ne 
trunks w^ere demonstrable m the sections of the tumor proper 
Hicioscopic Exaviwatwn of Tissue Removed in 1928 These 
very cellular In fact, the cells were so densely packed together t at lar 
collagen fibrils were demonstrable over wide areas But 'reticulum 

were used, in intimate association with each Laidlaiv 

fibrillae which formed a fine intricate network ^ mesliwork 

the nuclei w^ere silver -negative, so that only the fii e 
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was seen With the ilallorj stain fibrogha could be demonstrated stream- 
ing from the tumor cell Ko elastic fibrils were present Mitotic figures were 
%ery abundant The tumor cells had imaded the striated muscles of the neck 
The microscopic picture was now that of a rather anaplastic t%pe of fibroblast, 
rapidly growing and infiltrating adjacent structures The tumor cells were large, 
wuth conspicuous round or o\al nuclei (fig 5) Blood lessels of the capillary 
type were quite numerous These tumor cells were often grouped more densely 
around these capillaries in a perithelial manner and had e\en in\aded some %essels 



Tig 5 (case 1) — Photomicrograph of a cellular area from the large cerMcal 
tumor !Xote the three mitotic figures Hematoxylin and cosin strain, x 248 


This nnision oi blood \essels would indicate altliough no necrops\ could be 
obtained that the patient probabh died from internal metastasis as judged from the 
progressne cachexia just beiore Ins death In some sections, there were large 
areas of intense edema with cestic spaces containing coagulated fluid and strands 
01 fibrin Small hemorrhages were present here and there 

Tortuiiateh, pieces ot adjacent muscle tissues were also rcmo\ed at tiie time 
01 the last operation In addition to the ineasion ot the muscle b\ tiie sarcoma 
as o!)ser\ed at operation some interesting and important inio-mation was obtained 
on microscopic vtud\ Sernl sections were made oi all the muscle blocks Some 
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of the small nenes in the penm3sium showed a more or less marked concentric 
proliferation of the perineurium (fig 6) , m others, the proliferating perineurium 
appeared like a crescent around the nerve 

As regards the muscle fibers themselves, most of them appeared normal 
Scattered here and there were man3- typical muscle spindles In addition, small 
collections of braphocytes were present among the muscle fibers 

In some areas adjacent to the sarcoma, the pernascular tissues and even the 
W'alls of tlie arterioles and venules w'ere infiltrated wuth poh morphonuclear leuko- 
cytes wuthout, how'ever, 3113 thrombosis In other areas, there wms a dense peri- 
vascular Ijmphocvtic infiltration In the C3Stic portions of the tumor proper, a 
few of the venules showed Inalme mural thrombi 



Fig 6 (case 1 ) — Photomicrograph of two different small ner\e bundles, show- 
ing the concentric proliferation of the perineurium Mallor3’s eosin-metln lene 
stain, X 306 


Case 2 — Histoiy — F L, a white man, aged 68, w'as admitted in 1929 
service of Dr Thomas Ordwa^, Albany Hospital, because of a troublesome, pro uc 
tive cough of two weeks’ duration The day prior to admission, he felt chillj an 
had a severe headache He said that he had not been sick before Several 3 ears 
ago, he fractured his right shoulder and several ribs , ever since then, the ng t si e 
had hurt him wdienever he coughed A hernia had been present since c u 10° ^ 
He had been having nocturia (once) for the last several 3 ears When re was 
3'-ears old, small lumps began to develop in his skin TheN had progresse 
size and number up to the present time, but had neier caused anr , 

His family historj’’, including that of his fir e children, w as entireh umn ere ^ 
except for one important fact one sister had small lumps orer ler 0 
to his owm condition 
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Examtmhon — Phjsical examination of the nose, throat and chest showed 
nothing remarkable No masses w'ere felt in the abdomen There w'as a large 
indirect inguinal henna Covering the entire trunk, so tliickl} scattered that it 
was impossible to find an area large enough to lav a stethoscope flat, there w^ere 
soft nodules var}nng m size from that of a pinhead to that of a walnut The 
larger nodules were pedunculated, soft and flabb), not tender, <and coiered with 



Fig 7 (case 2) — Patient’s back, showing the thicklj set distribution of the 
mollusca fibrosa, var 3 ing in size from that of a pinhead to that of a w^alnut 


apparently normal skin (fig 7) Some of these nodules were located deepl} in 
the subcutis They were present in great numbers on the various surfaces of all 
four extremities and on the neck, face, scalp and eien the ej^elids They were 
most numerous on the trunk 

The urine was alkaline, show^ed a trace of albumin, no sugar and contained 
much cellular debris The Wassermann and Kahn tests of the blood W'ere 
negative Chemical examination of the blood gaie a nonprotein nitrogen of 
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36 6 mg and a sugar of 90 mg per hundred cubic centimeters The hemoglobin 
was 90 per cent The systolic blood pressure was 115 mm, the diastolic 80 mm 
None of the cutaneous nodules was evcised for microscopic examination 


COMMENT 

The mesodeimal oiigiii of multiple neui ofibromas fiom the epi- 
neunum, penneunum and endoneuiiiim of the nerve bundles is now 
geneially accepted However, Veioca3^ - expressed the belief that they 
aie ectodeiinal, aiising from the cells of the sheath of Schwann The 
adheients of the lattei theoiy haAfe given vaiious names to these tumor 
foimations — neuiinoma (Veiocay), schwannoma (modern French 
wiiteis) and glioma (Bertiand and Chairier® and others) Whethei 
the cells of the sheath of Schwann are specialized glia cells or not is 
still a much disputed point According to Penfield,^ multiple nemo- 
fibiomatosis is a geneiahzed fibious connectn'-e tissue leaction showing 
both neive fibeis and connective tissue elements in the tuniois He 
classified the neuimoma, sohtaiy'' neurofibi oina, gliome peripherique 
and acoustic neuioma undei the geneial heading of peiineurial fibio- 
blastoma Foi a complete discussion of the subject, the reader is 
leferied to the classic monographs of von Recklinghausen, Thomson/ 
Adi tan, ° Veiocay and Heixheimer and Roth ^ 

Isolated primaij^ fibrosai comas and spindle cell sarcomas of the 
diffeient iieives without an associated von Recklinghausen’s disease 
have been lepoited by Hume,® Kriege,® Peet,^® McAithur,” Villegas 


2 Verocay, J Zur Kenntms der “Neurofibrome.” Beitr z path Anat u z 
allg Path 48 1, 1910 

3 Bertrand, I, and Charrier, J Cystic Glioma of the Ulnar Nerve, Rev 
neurol 38 1345, 1922 

4 Penfield, W The Encapsulated Tumors of the Nervous 5)ystem, Meningeal 
Fibroblastomata, Perineunal Fibroblastomata and Neurofibromata of von Reckling 
hausen, Surg Gynec Obst 45 178, 1927 

5 Thomson, A On Neuroma and Neuro-Fibromatosis, Edinburgh, Turnbull 

& Spears, 1900, pp 168 

6 Adrian, C Ueber Neurofibroma tose und ihre Komplikationen, Beitr z 

khn Chir 31 1, 1901 , , . ^ 

7 Herxheimer, G, and Roth, W Zum Studium der Recklinghausen scue 
Neurofibromatose, Beitr z path Anat u z allg Path 58 319, 1914 

8 Hume, G H A Case of Sarcoma of the Internal Popliteal Nerve, Lane 

2 344, 1886, Cases of Tumor of Nerve Trunks, Illustrating the ^ ' 

of the Tumor Along with the Affected Portion of Nerve, Lancet 2 654, 

9 Knege, H Ueber das Verhalten der Nervenfasern m den mu 

Fibromen der Haut und m den Neuromen, Virchows Arch f pat na 


10 Peet, M M Spindle Cell Sarcoma Arising m a Cavernous 
Hem-angioma of the Musculospiral Nerve, J Michigan M Soc - 

11 McArthur, L L Sarcoma of the Posterior Tibial 
Removal of Metastatic Foci in Retroperitoneal Lymph an 


Later, S Chn North America 4 131, 1920 
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and Rojas/" McGuiie and Burden^® and many others The nerves 
involved m the foregoing cases weie the sciatic, median, musculospiral, 
internal popliteal and posterior tibial In Meyer’s case,^‘ the fibro- 
sarcoma was of the hour-glass type with mtiadural and extradural 
portions extending from the sixth cervical to the first dorsal segments 
Kredel and Beiieke described a spindle cell sarcoma, involving both 
the median and uliiai nerves, in an infant 2 months old In Buford 
and Davis’ case,^® the tumoi of the sciatic neive at the first removal 
ivas a typical fibroma which at a later date had Ijecome sarcomatous 
In 1900, Thomson collected twelve cases of authenticated primar) 
sarcomas of nerves, 50 per cent of these occuirmg m the great sciatic 
nerve Allenbach,’-’ m 1921, collected twenty- four cases of sarcomas 
of the sciatic nerve, but added that in most only the gross description 
was given without micioscopic obsei rations Garie^® diffei entiated 
between the primary sarcoma of nerves not associated with von Reck- 
linghausen’s disease and the secondar}'- sarcoma of nerves in which the 
latter is due to a sarcomatous transformation of one of the preexisting 
neurofibromas The primary form is similar to other tjpes of sar- 
comas, being characterized by great mahgnanc) The growth reaches 
considerable size in a few months, invades the surrounding tissue and 
leads not infrequently without local or regional recurrence to internal 
metastasis The patient succumbs to the generalized sarcomatosis in a 
short time In great contrast to the foregoing form, in the secondarj 
form one of the neurofibromas undergoes malignant transformation 
frequently following trauma or often without known cause, and begins 
to grow rapidly However, this growing tumor remains enclosed in 
its connective tissue capsule for a long time Operative intervention 
appears to have a stimulating effect Recurrence is local or m nearby 
nerves Internal metastasis occurs late 

In all those cases in which a sarcoma was found associated with 
multiple neurofibromas at the time of the first examination, the authors 

12 Villegas, R R , and Rojas, P Consideraciones sobre los tumores primi- 
tives de los nervios A proposito de un fibrosarcoma de la vaina del ciatico, 
Semana med 27 675, 1920 

13 McGuire, E R , and Burden, J F Unusual Case of Sarcoma of the 
Median Nerve, Surg Gynec Obst 35 453, 1922 

14 Meyer, E Zur Kenntnis der Rueckenmarkstumoren, Deutsche Ztschr f 
Nervenh 22 232, 1902 

15 Kredel, L , and Beneke, R Ueber Ganghoneurome und andere 
Geschwuelste des peripheren Nervens> stems, Deutsche Ztschr f Chir 67 239, 1902 

16 Buford, C G , and Davis, T A Sarcoma of the Sciatic Nerve, Surg 
G>nec Obst 20 495, 1915 

17 Allenbach, E Le sarcome du nerf sciatique. Rev de chir 59 134, 1912 

18 Garre, C Ueber sekundaer maligne Neurome, Beitr z klin Chir 9 
465, 1892 
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concluded fiom the symptomatology that one of these neurofibromas 
had undergone a sarcomatous change According to Garre, there is 
a striking tendency to sarcomatous transformation in multiple neuro- 
fibromatosis, for in at least 12 per cent of all cases this sarcomatous 
change takes place fiom a benign neurofibroma Garre calculated this 
peicentage on the basis of seventeen collected cases From table 1, it 
IS seen that up to 1927 there were leported fifty-nine cases of sarcoma- 
tous tiansfoimation m von Recklinghausen’s disease Using the 1927 
figures of Fischei,^'’ when he collected repoits of 466 cases of von 
Recklinghausen’s disease, one obtains an incidence of malignant changes 
of about 13 per cent which is in agi cement with Garre These iieuro- 
sai comas have been observed most frequently in the deeper nerve 
ti links Ewing stated that the serious nature of these deeper tumors 
IS veiy imperfectl}'- lealized b}'- most surgeons, so that the number of 
victims of this disease is much laigei than is generally believed He 
added that the piimai}'- attack on these tumors must be undertaken 
with great caution Stiomeyer-^ pei formed a disarticulation for a 
saicoma of the median neive which had invaded the adjacent structures 
In de jMoigan and Coupland’s case,-" a plexiform neurofibroma of the 
musculospiial nerve, associated ivith elephantiasis of the skin of the fore- 
aim, became saicomatous The musculocutaneous neive was involved 
by the sai comatous growth in V angehr’s case Pomorski -■* described 
a laige mtiathoiacic tumor ivhich compressed the ascending vena 
cava, causing hydrops, ascites and anasarca The clavicular tumor in 
jModizejewski’s case-® suddenly began to grow rapidly, reaching the 
size of a man’s head, and became veiy painful Westphalen leported 
a case of multiple fibromas of the skin, nerves and ganglions, one of 
which in the fifth ceivical neive underwent a sarcomatous change 

19 Fischer, G A Recklinghausensche Krankheit und Afuttermaeler, Dernrat 
Wchnschr 84 89, 1927 

20 Ewing, J Neoplastic Diseases, ed 2, Philadelphia, W B Saunders Com 
paiw, 1922, p 152 

21 Stromeyer Handbuch der Chirmgie, 1844, vol 1, P 413, cited by Garre 
(footnote 18) 

22 De Morgan, C , and Coupland Case of Multiple Neuroma of the Fore- 
arm, Tr Path Soc London 26 2, 1875 

23 Vangehr, A Inaug -Diss , Munich , 1881 , cited by Garre (footnote 1 

24 Pomorski, J Em Fall von Rankenneurom der 

Fibroma molluscum und Neurofibromen, Virchows Arch f path nat 
1888, Inaug -D iss, Greifswald, July 30, 1887 nannte 

25 Modrzejewski, E lifultiple angeborene Fibromata mollusca (wge 

Neurofibrome von Recklinghausen’s), Berl klin Wchnschr 19 6- , - 

26 Westphalen, H Multiple Fibrome der Haul, der Nerxen . 

mit Uebergang in Sarcom, Virchows Arch f path Anat 114 -9. 
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In then cases ot multiple neurofibiomatosis Campana -■ described 
a sarcomatosis ot the skin, Sorgei a sarcoma of the axilla, 
von Gernet a sarcomatous transformation of a massive plexiform 
fibroma of the shoulder and upper part of the arm. He} dweiller a 
fibrosarcoma of the right popliteal space, Femdel a sarcome globo- 
cellulaire of the leg, and Gluge a sarcoma m the peh is, the size of 
a child’s head Rolleston described a sarcomatous grovth involving 
the biachial plexus which occupied the anterior mediastinum on the 
left side, obliterated the internal jugular lein at its termination 
imaded the stiuctuies ot the neck and left lung and eroded the bodies 
of the fifth, sixth and seventh cer\ical vertebrae The abdominal 
S} mpathetics around the aorta showed nodular fibromatous thickenings 
In Cnnmmo s case,“^ a large sarcoma in the sacral region was asso- 
ciated with about 450 fibromatous tumors of the skin Jeanselme and 
Ornllard reported a case of fibrosarcoma of the saphenous ner^ e 
w ith elephantiasis molle congenita of the overh mg skin Adrian 
found at necrops} a fibrosarcoma of the duodenum which was asso- 
ciated with multiple fibromas of the skin and internal viscera and a 
neuronnxoma in the supraclavicular fossa about the size of a child s 
fist In jMacKenzie’s case in addition to the multiple soft tumors in 
the skin a goose egg-sized sarcoma of the sciatic nerve w'as observed 
In Kohtz’s case,®*” besides the numerous nodules on the anterior and 

27 Campana Ueber Sarkomatose der Haut XII Kongress der ital Aerzte 
zu PaMa, Sept 19-25, 1887, Sektion fuer Sjphilis u Hautkrankheiten, Monatsh 
f prakt Dermat 7 30, 1888 

28 Sorger, J F Beitrag zur Lehre \on den multiplen Xeurofibromen, Inaug- 
Diss , Erlangen, Dec 22, 1890, p 31 

29 ^on Gernet, R Das plexiforme Fibrom der ner\en und der Haut Em 
Beitrag zur Geschvulstlehre, Inaug -Diss , Dorpat, April 4, 1892, p 23 

30 He} dweiller, E Ein Beitrag zur Casuistik der multiple Fibrombildungen 
der Haut (Mollusca fibrosa), Inaug -Diss, Erlangen, Dec 30, 1887, p 28 

31 Femdel, E Sur quatre cas de neurofibromatose generalisee. These de 
Pans, 1896, no 104, p 76 

32 Gluge, G Abhandlungen zur Phjsiologie und Patliologie, 1841, p 140, 
cited by Garre (footnote 18) 

33 Rolleston, HD A Case of Recklinghausen’s Disease Complicated with a 
Sarcomatous Growth Imohing the Brachial Plexus, Lancet 2 271, 1899 

34 Cimmino, R Su di un caso di fibromi multiph cutanei con metamorfosi 
sarcomatosa, Gior ital d mal len 26 28, 1891 

^35 Jeanselme, E, and Ornllard Contribution a I’etude des malformations 
congenitales de la peau et de I’hjpoderme, Rev de chir 14 50, 1894 

36 Adrian, C Ueber einen bemerkensw'erthen Fall -ion Xeurofibromatosis, 
Wien klm Wchnschr 15 813, 1902 

37 MacKenzie, K A J Resection of the Sciatic Ner\e, Ann Surg 50 295, 
1909 

38 Kohtz Em Fall ion multiplen Fibromen der Haut, Inaug -Diss, Koenigs- 
berg, March 10, 1893, p 28 
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cardiac surfaces of the stomach and several subseious nodules in the 
small intestines and the mesentery, there was a saicomatous tumor of 
the duodenum Shouldice reported a case of multiple peripheral 
fibromas m which operation disclosed dozens of small tumors about 
the size of millet seeds all over the stomach and a fibi omyxosai coma 
on the greater curvature of the stomach Wright^® noted a case of 
familial neui ofibi omatosis in which a sarcomatous change took place 
m one of these tumors m the thigh Feiiz’s case showed molluscimi 
fibiosum, elephantiasis iieuiomatosa of the skin of the light leg, and 
a large fibrosaicoma of the lateial aspect of the thigh In a case of 
multiple peiipheral neui ofibi omatosis, Haitman^- described a large 
fibromyxosarcoma of the stomach which he believed arose piesumably 
in a neurofibioma of the gastiic wall In one of Graj’s cases, 
necrops}^ showed a spindle cell sarcoma of the mediastinum 

It has been clinically obseived that partial lemoval oi any operative 
trauma of a neui ofibi oma may activate the tumoi into a sarcoma 
In Arnozan’s fiist case,^‘‘ a plexiform neuiofibroma of the right side 
of the neck became sarcomatous aftei the opeiation and gradually 
increased in size duiing an interval of fifteen yeais, measuring 40 by 
10 by 10 cm and iveighing 1,850 Gm The pedunculous tumoi masses 
finally became gangienous and the patient died fioin septicemia 
Goldmann removed a fibiomyxoma of the tenth intei costal nerve 
extending from the level of the eighth doisal to that of the first 
lumbar vertebia A year later, the patient retuined with an equall) 
large tumor, recuirent m the operative scar Aftei the second opera- 
tion, the second lecuirence giew rapidl}, leachmg the size of a child s 
head within twm months Microscopic examination of the lecuirent 
tumors showed a spindle cell sarcoma Thei e wms no intei nal metastasis 

39 Shouldice, E Multiple Fibromata— A Case With One Fibroma Enlarging 
Into the Stomach, Canad M A J 15 66, 1925 

40 Wright, A, quoted by Shouldice (footnote 39) 

41 Feriz, H Neurofibromatosis und Sarkom, Deutsche Ztschr f Chir 192 
372, 1925 

42 Hartman, H Fibro-Myxo-Sarcoma of the Stomach m a Case of 
fibromatosis (von Recklinghausen’s Disease), Surg Gvnec Obst 44 308, 1 

43 Gray, S H The Histogenesis of von Recklinghausen’s Disease, Arch 
Neurol & Psychiat 22 91 (July) 1929 

44 Arnozan, X Nevrome plexiforme, J de med de Bordeaux 15 

Trois cas de nevrome plexiforme dans le recueil d’obsenations de erma = > 

Bordeaux, 1892 Meslet Contribution a I’etude des neiromes plexiform , 

Diss , Bordeaux, 1892, no 6 

45 Goldmann, E E Beitrag zu der Lehre von den Neuromen Beitr z 
Chir 10 13, 1893 
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at neciopsy In Deloie and Bonne’s case/*^ a cellulai neurofibroma 
developed on the exact spot wlieie a violent blow had been received 
thiee }eais pievioiisl} Theie weie two operations inside of three 
months, the second being foi lecunence Ten months latei, there was 
a second lecuiience Haibitz'*^ lepoited fouiteen cases of von Reck- 
linghausen’s disease, in two of which theie occuiied a sarcomatous 
tiansfoimation in a pieexistmg fibromatous nodule In one of these 
cases, a fibioina of a thigh nerve undeiwent sarcomatous changes aftei 
ten lepeated attempts at extirpation in the couise of eighteen years 
In the second case, a plexifoim neuiofibioma of the left sciatic nerve 
aftei lepeated lemovals and recuriences finally became saicomatous 
In my fiist case, an edematous fibioma of the lower ceivical and uppei 
mediastinal legions at the second operation about one 3^ear later had 
alieady become a ver}^ cellulai spindle cell saicoma 

Fuitheimoie, eien aftei complete extiipation of a sarcomatous 
tumor, anothei neuiofibroma in a different location may undergo sai- 
comatous transfoimation In von Wimwaitei’s case,^® it is interesting 
to note that the opeiative removal of even a benign neuiofibroma in the 
left scapulai region was soon followed by a sarcomatous transformation 
of the preexisting neuiofibroma of the left radial neive Finotti 
leported a case ot fibroma durum epineuriciim of the gieat sciatic nerve, 
when the patient was seen again about eleven months after the oper- 
ation, there was no lecurrence at the site of the operation, but on the 
posterior aspect of the leg close to the lowei pait of the popliteal space, 
a fibrosarcomatous nodule was removed Hartmann excised a fibro- 
sarcoma of the light axilla In the course of a year, a tumor the size 
of a goose egg appeared in the light groin, which after opeiative 
removal was found to be a fibroma m the lower pait of the tumor, 
calcified m the cential portions, and a spindle cell saicoma m the upper 
part In Habermann’s case,'^ about a yeai after the removal of a 
fibrosarcoma of the right sciatic nerve, another fibrosaicoma developed 
111 the right ulnar nerve which was removed and the nerve sutured 

46 Delore, X , and Bonne, C Neuro-fibromatose et nevrome plexiforme, 
Gaz hebd des med et de chir 45 145, 1898 Delore Neuro-fibromatose cutanee 
a^ec xanthome protond du bras droit, Gas d hop 69 514, 1896 

47 Harbitz F Multiple Neurofibromatosis (von Recklinghausen’s Disease), 
Arch Int kled 3 32 (Feb) 1909 

48 von Winu\arter, A Plexiformes Fibro-neurom der Armnerven mit 
circumscnpter Hauth^ pertrophie und Sarcomentwickelung, Arch f klin Chir 
19 595, 1876 

49 Finotti, E Beitrage zur Chirurgie und pathologischen Anatomie der 
peripherischen Ner^en, Virchows Arch f path Anat 143 133, 1896 

50 Hartmann H Zur Kenntms der sekundaer mahgnen Neurome, Beitr 
z klin Chir 17 177, 1896 

51 Habermann Beitrag zur Kenntms der secundaer mahgnen Neurome, 
Afunchen med Wchnschr 45 713-716, 752-754, 1898 



272 


ARCHU'ES OF SURGER} 


together About nine months later, painful nodules developed in the 
left occipital region, which on removal showed beginning fibiosaicoma 
There were no local lecuiiences aftei each of the thiee opeiations In 
Thomson’s case, a iapidl> gi owing tumor of the light median nerve was 
removed, which pioved to be a spindle cell sarcoma at one point in the 
sections The sarcoma recuiied twice, each followed by an operation, 
the last being a shouldei amputation It lecuiied foi the thud time 
111 the vicinity of the scai Neciopsy levealed the unexpected finding 
of a spindle cell sarcoma of the left lumbar plexus, about the size of a 
child’s head, involving the psoas muscle and the adjacent bodies of the 
vertebrae In Heixheimei and Roth’s fiist case, theie weie multiple 
neurofibromas of the peiipheial neives, one of which in the anteiior 
thigh became sarcomatous Soon after its opeiative lemoval, a nodule 
in the neck began to enlaige rapidly, causing maiked compression of 
the trachea Neciopsj showed that the saicomatous tumoi in the neck 
had extended into the left thoiacic cavit}, wheie it was adheient 
to the apex of the lung There was also a metastatic nodule in the 
light lung 

Recurrences may be fiequent and aie geneiall} local oi regional 
aftei operative measures Such recniiences may be lepeated seieral 
times befoie distant metastasis takes place In fact, the absence of 
metastasis is remarkable in the lepoited cases in which theie were 
repeated operations for lecuiiences Hitchcock'’- removed a sarcoma 
of the ulnar neive which lecuiied Amputation at the shoulder joint 
was pei formed, which was followed by a second lecuiience m the 
shoulder Theie was no neciopsy In Guard’s fiist case,®® thiee opei- 
ations were peifoimed foi the oiiginal tumor and the two lecunences 
The patient was still living at the last repoit Volkinann,®'* Viichow®"’ 
and Blasius separately lepoited the progress notes of seveial interest- 
ing cases In the case of Volkmann and Blasius, the patient had thiee 
operations for a tumoi of the median neive during the couise of eight 
years, each time theie wms a lecurience At neciopsy, theie was no 
metastasis In the case of Vnchow and Blasius the patient had six 
opeiations foi the oiiginal tumor, with five lecuiiences Theie was no 

52 Hitchcock, A Some Remarks on Neuroma vith a Brief Account oi 
Three Cases of Anomalous Cutaneous Tumors m One Famih Am J i 

43 320, 1862 

53 Girard Transformation de molluscums ct de naeii en sarcome 

epithehome, Dauphine med 22 1. 1898 ^ fpeiler 

54 Volkmann, R Ueber ein faustgrosses uicenertes Neurom mi an 

Virchows Arch f path Anat 12 27, 1857 ^ 

55 Virchow, R Ueber emen Fall ron ’uelfachen Keuromen f®°sen3 
Faser-Kern-geschw uelsten) nut ausgezeichtneter localer Recidufaeug ei 
chows Arch f path Anat 12 1 14, 1857 

56 Blasius, E Ueber rueckfaellige Neurome, Arch f klm Clur 
Ueber rueckfaellige Neurome, ibid 6 775, 1865 
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necropsy In the case of Blasius, the patient had three operations nith 
two recurrences The patient was said to be entirely nell about a 3 ear 
later Von Bergmann presented a patient before the Berlin Surgical 
Societ}^, on whom operation for a spindle cell sarcoma of the left 
axillary and scapular regions was followed by a recurrence and rapid 
growdh As mentioned preMousl}'-, in the cases of Arnozan and of 
Goldmann, a plexiform neurofibroma and a fibrom3^xoma respectnely 
recurred as sarcomas after operative intervention At necrops}, there 
Avas no internal metastasis 111 either of these cases Thilow^ reported 
tw^o cases, m one of ivhicli there were recurrences nearb}" In Tichoff 
and Timofejeft’s case,®® three operations w’^ere performed for a spindle 
cell sarcoma of the popliteal space wnth two recurrences No metastasis 
w’^as found at necrops}" Scheien®® described a spindle cell sarcoma of 
the median nen’-e, four operations w^ere performed because of 
recurrences Necrops)'’ did not reveal aii} internal metastasis Valias 
presented a patient with generalized neurofibromatosis Avho showed a 
recurrence in the scar, and wdio had alread}’’ been operated on fiie or 
SIX times for a large tumor of the eighth intercostal nene 

From table 1 it is seen that metastasis is relative!} infrequent when 
a benign neurofibroma becomes saicomatous There w^ere fourteen 
metastatic cases among a total of sixty-fiA e or 22 per cent IMetastasis 
occurred eleven times in the lung, four times m the pleura, twuce in the 
diaphragm and the Iner and once each m the humerus, pubic bone and 
paravertebral tymph node It is to be noted, how^ever, that once malig- 
nancy has supervened, the prognosis is general!} bad The patients 
succumb to the progressive cachexia resulting from the many recur- 
rences, metastasis and repeated operations Busch performed an 
amputation of the leg for a sarcoma of the peroneal nen e Avith recur- 
rence and im^asion of the bone Necropsy show^ed numerous sarco- 

57 A'on Bergmann Presentation of Case, Verhandl d Freie Vereinigung der 
Chirurgien Berlins, Sitzung Noa' 18, 1889, koeniglichen Khnikum, Berl klin 
Wchnschr 26 1133, 1889 

58 Thilow, C Beitrage zur Casuistik des Fibroma molluscum multiplex, 
Inaug-Diss, Berlin, Oct 25, 1889 The same case uas presented bi Schlange 
before the Freie Vereinigung der Chirurgien Berlins, Jan 14, 1889, koeniglichen 
Khnikum, Berl klin Wchnschr 26 122, 1889 

59 Tichoff and Timofejeff Multiple Neurofibroma A\ith Fibroma Alolluscuri 
kfultiplex, Chir Ann (Russian), 1894, p 719, abstr, Jahr u d Leistung in d 
ges Med, XXIX Jahrgang, Bencht fur das Jahr 1894, Berlin, A Hirscliwald, 
1895, vol 2 

60 Scheien, O Zur Kenntnis der sekundaer mahgnen Xeurome, Beitr z 
khn Chir 17 157, 1896 

61 Valias Xeuro-fibromatose generahsee, Soc de Chir de Lion Tune 29, 
1899, Lion med 92 132, 1899 

62 Busch Handbuch der allgememen uiid speciellen Chirurgie Erlangen, 
Pitha & Billroth, 1865, lol 2, p 239, cited bi Garre (footnote 18) 
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Table 1 — Saicomatous Tiansfoi motion m Nciirofibiomatosis 


No Author 

1 61uge,iS4l 

2 Stromeyer, 1S44 

3 Tolkmann, 1S57 
Blasius, 1S62 

4 Virchow, 1857 
Blasius, 1SG2 

5 Blasius, 1862 

6 Hitchcock, 1862 

7 Busch, 1865 

8 Genersich 1870 

9 Seitz, isn 

10 De Morgan and 

Coupland, 1875 

11 Von iniuar+er, 1876 

12 Vangehr, ISSl 

Ij Von RecUinghau 
sen, 1882 

14 Modrzejewski, 1SS2 

15 Rose 1884 

16 Amozan, 1885 

17 Hume 1886 

IS Rose, 1886 

19 Pomorski 1887 

20 HeydweiUer, 1887 

21 Oampana, 1887 

22 Vestphalen, 1887 

23 Westphalen, 1888 

24 V on Bergmann, 1899 

25 ThilOW, 1889 

26 Thilow, 1889 

27 Sorger, 1890 

28 Cimmmo, 1891 

29 Garre, 1892 

80 Amozan, 1892 
31 Von Giernet, 1892 


32 Kohtz 1893 

33 Goldmann, 1893 

34 Jeanselme and Orril 

lard, 1894 

So Tichoff and Timofe 
left, 1894 

36 Feindel, 1896 

37 Pinotti 1896 

38 Scheven, 1896 

39 Hartmann, 1896 

40 Poncet, 1897 

41 Habermann, 1S9S 

42 Belore and Bonne, 

1898 

43 Girard, 1893 

44 Girard, 1898 

45 VaUas, 1899 

46 Rolleston, 1899 

47 Thomson, 1900 

48 Adrian, 1901 

49 Adrian, 1902 

50 Hulst, 1904 

51 Hulst, 1904 

52 Harbitz, 1909 

53 Harbitz, 1909 

54 MaeKenzie, 1909 

55 Herxheimer and 

Roth, 1914 
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case illustiates 5eiy well the low giade and local natuie ot the malignant 
giowth, since the patient has been canning the leciiiient giowth tor the 
past fifteen ^eais In Hulst's fiist case/** theie was a bilateral fibrosai- 
coma of the ceiebellopontile angle as well as multiple intracianial neiiro- 
fibiomas In a case of plexifoim neurofibromas of the neck, Plenge'® 
described a spindle cell saicoma located in the region of the atlas and a 
mixed cell sarcoma m the legion of the submaxillaiy gland Does this 
laiit} mean that the presence of a sarcoma has an inhibiting influence 
on the development of another saicoma elsewhere in the nervous sys- 
tem’ As stated previously, the removal of one sarcomatous growth 
ma} be followed by a sarcomatous transformation of another neuro- 
fibroma distantly located Indeed, Cramer has noted m his studies on 
experimental carcinogenesis that it was rare to find a simultaneous 
derelopment of malignancy in two or three distant centers of the same 
area, while it was not uncommon to obtain a successive development 
m two or even thiee distant centers after the operative removal of 
the preexisting malignant tumor According to his conception of 
potential malignancy, a large area of cells in a gnen tissue may he 
in a condition m which they’^ do not give any manifestation of malig- 
nancy either as judged fiom their histologic appearance or from their 
biologic behawor, but may^ neimrtheless, be particularly prone to the 
development of malignancy^ when the local inhibitory factors are broken 
down or shifted It is interesting to note that Cramer has been ahe 
to break or shift these local inhibitory factors by applying a cautery 
or a caustic pencil to tbe base of one of the benign growths, which 1 
became malignant in six of the fourteen experiments Clmicallyy tus 

69 Hulst, J P L Beitrag 2 ur Kenntnis der Fibrosarkomatose des Nerven- 
S 3 'stems, Virchows Arch f path Anat 177 317, 1904 

70 Pknge, K Ueber eine eigenartige plexiforme Neubildung des sse ^ 

S 5 stems in der Gegend des Halses und der Halswirhelsaeule, Virchows 

path Anat 269 83, 1928 p,.?, stance of 

71 Cramer, W On Experimental Carcinogenesis The Local Re 

the Skm to the Development of Malignanc}^ Bnt J Exper Med 
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same thing is seen in ceitain cases when a benign neuiofibioma is tiau- 
niatized by opeiative piocedures 

Cases are on lecord m which operative removal of a painful neuro- 
hbiomatous nodule may be followed b)'- crops of multiple neuiofibromas 
elsewheie in the body In spite of repeated opeiations, no saicomatous 
changes occur, as shown by microscopic examination It is still 
unaccountable why in some cases a malignant tiansfoimation supervenes 
aftei a single opeiation and in other cases even after repeated opei- 
ations no malignant changes aiise At the age of 36, von Buenger’s 
patient noticed for the first time a painful tumoi the size of a pigeon 
egg on the right thigh Opeiation showed this to be a neuiofibroma of 
the neivus cutaneus femoiis externus Giadtially, small numbers of 
painful nodules began to develop along the course of the nerves of the 
light thigh A S 3 ’'mptomless neuiofibroma also developed in the neck, 
and was lemoved At anothei operation, all the involved nerves in the 
1 ight thigh were remoi ed in toto Several months later, similar multiple 
nodules developed in the othei thigh On lemoval these were found 
to be pure neuiofibromas Soon multiple tumors began to appear over 
the entire bod}’’ The patient developed signs of increasing mtiaspinal 
piessure and a terminal bi onchopneumonia Necropsy showed that all 
the spinal nerve roots without exception, the peiipheral nerves and the 
largei pait of the S}mpathetics were imolved in the same neuro- 
fibiomatous process Microscopically, no malignant changes were found 
anywhere This fibromatosis of the sympathetic neives and ganglions 
has frequently been observed at necropsy m cases of von Reckling- 
hausen’s disease It has been found that the nature of this enlargement 
in the sympathetics is precisely similar to that occurring in the cerebro- 
spinal nerves 

From the literature, a total of 65 cases of sarcomatous transfor- 
mation in ^ on Recklinghausen’s disease has been collected There were 
39 male to 24 female patients, or a ratio of 1 6 1 The sex was not stated 
m 2 cases As has been pointed out by Alvarez and myself, every sex 
latio should be coirected by a factor dependent on the sex distribution 
of the group of men and women studied Fortunately, Fischer, in 
1927, collected 466 cases of von Recklinghausen’s disease, of which 
299 were men and 167 women, which gives a sex distribution of 1 8 1 
Now, since the sex distribution of all cases of von Recklinghausen’s 
disease and of those cases of this disease showing malignant changes is 
practically the same, it can be statistically stated that sex is of no 
etiologic importance m cases of sarcomatous transformation Table 2 

72 von Buenger, O Ueber allgemeine multiple Neurofibrome des pen- 
phenschen Nervens-v stems und SMTipathicus Arch f khn Chir 55 558, 1897 

73 Hosoi, K, and Aharez, W C The Influence of Sex on the Incidence 
of Gastro-Intestinal Disease, Human Biol 1 63, 1930 
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shows the age incidence Sevent 3 -two pei cent ot the cases occurred 
in the thud, fouith and fifth decades The youngest was 15 }ears 
of age, the oldest 70 j^ears The age of onset of a on Recklinghausen's 
disease ranged fiom birth to about 25 yeais 

In resume, malignant tians formation takes place in about 13 per cent 
of all cases of a on Recklinghausen’s disease When this happens, the 
tumor grows lapidly and tends to recui local!} even after repeated 
operative measures Metastasis is usualh late and frequently absent, 
but may laiely occui eaily In some cases, the mere extiipation of a 
malignant tumoi oi even a benign one appears to stimulate anothei 
neuiofibroma distantly located to undeigo saicomatous tians formation 
Prognosis is Aeiy poor, the patient succumbing to cachexia and post- 
operative complications if not to the metastasis 

It IS Avell to beai in mind that not all peiipheial multiple tumors 
in the skin aie mesodeimal m oiigin A few cases have been reported 
in which multiple ectodeimal tumoi s in the skin closely simulated 

Table 2 — Pa cottage of Age Disiiibution tit Maltgiiant Tiansfoiiitatwii 


Age periods m years ll 20 21 SO 31 40 4i oo 5i 60 oi 70 

Percentage 10 21 20 25 13 3 


von Recklinghausen’s disease In Andeison and Shennan’s case,'’* the 
entile face and both shoulders of a 12 weeks old infant were closely 
studded over with minute growths which pioied to be sebaceous cysts 
A more striking case is that of Ferieira and Garaude,'® who actuall} 
counted 276 sebaceous cysts scattered all over the bod\ of a 65 year 
old man including the head and both extremities That adenoma 
sebaceum may occui intermingled with mollusca fibrosa is shown in the 
case of Anderson and others Anothei type of tumor, neuro- 
epithelial in origin and hence ectodeimal, may produce a more or less 
striking resemblance to I'^on Recklinghausen’s disease These are the 
true neuromas of Viichow m contrast to the false neuromas oi neiiro 
fibromas In a case of neuroma A'^erum multiplex amyehnicum gangho 
sum, Knauss " counted more than 60 of these multiple cutaneous 
nodules, many more Avere said to be present Kredel and Beneke 
counted about 160 of these cutaneous nodules m their case of multipe 


74 Anderson, J S , and Shennan, T A Neuroblastoma of the Thoracic 

Cavity, J Path & Pact 26 545, 1923 

75 Ferreira, O , Jr , and Garaude, P KAStos sebaceous generahzados 

lando a doenca de Recklinghausen, Brasil-med 2 343, 1926 Afnllusca 

76 Anderson, W A Case of Adenoma Sebaceum Intermingled nifh - 

Fibrosa, Bnt J Dermat 7 316, 1895 . 

77 Knauss, K Zur Kenntnis der aechten Neurome Newoma ler 
plex amj'elinicum gangliosum, Virchow^s Arch f path Anat - > 
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ganghoneuioma of the sympathetics Among the deimatologists, Levin 
and Tolmach and recentl}' Ludy pointed out that the atypical form 
of cutaneous neurofibiomatosis (those occurring on the extremities and 
adjacent legions) may be so closely simulated by saicomas, sarcoids of 
Boeck-Darier-Roussy, tubercuhds and other skin diseases that it is fre- 
quent!} incoirectly diagnosed chmcall} 

Because of its multiplicity m numbers and its generalized distribu- 
tion, because of its ^ery frequent association uith a multiphcit} of 
congenital abnormalities, and because of its frequent familial character, 
1 on Recklinghausen’s disease is now generally looked on as a congenital 
anomah ot the neivous system in a heieditaiy and dysontogenetic 
sense In his leview of 466 cases of von Recklinghausen’s disease 
desciibed m the hteiature, Fischer could find no definite relationship 
between it and the nevi oi pigmented patches For this reason, the 
use of the term “incomplete neuiofibromatosis” by some dermatologists 
when onh the cafe au lait spots or melanodeima are present in familial 
cases IS not justified Levin and Tuckei behe\ed that a definite 
etiologic lelationship existed between endocrine dysfunction and von 
Recklinghausen’s disease The cases of Kawashima and of Herx- 
heimei and Roth w’^eie associated with a paraganglioma of the supra- 
lenal gland On the contrarj, Schneiderman stated that a study of 
his cases failed to lereal any endocrine dysfunction m the etiology of 
von Recklinghausen’s disease, and that the endocrine glands should not 
be blamed tor the occasional occurrence of tumois in them in associa- 
tion -with the neurofibiomatosis At this point, it may be of interest 
to note that Bncknei described a fibroma molluscum gravidarum in 
which as many as 40 or 50 sessile and pedunculated fibromas may 
appeal dm mg piegnancy and disappeai as rapidly soon after delnery 
Lehman made a plea for a more complete roentgenographic study of 

78 LeMii, 0 L, and Tolmach, J A The Atvpical Form of Neurofibroma 
Its Differential Diagnosis from Other New Grow'ths of the Skin, New York State 
J Med 27 819, 1927 

79 Lud\, T B Cutaneous Neuroma, Arch Dermat & Sjph 21 419 (March) 
1930 

80 Le\in O L Recklinghausen’s Disease Its Relation lo the Endocrine 
System, Arch Dermat S. Stph 4 303 (Sept) 1921 

81 Tucker, B R Von Recklinghausen’s Disease with Special Consideration 
of the Endocrine Connection, Arch Neurol & Psjchiat 11 308 (March) 1924 

82 Kawashima, K Ueber emen Fall ^on multiplen Hautfibromen mit Neben- 
nierengeschwulst, Virchows Arch f path Anat 203 66, 1911 

83 Schneiderman, H Recklinghausen’s Disease, Arch Dermat K S^ph 12 
483 (Oct) 1925 

84 Bnckner. S M Fibroma Alolluscum GraMdarum A New Clinical EntiU, 
A.m J Obst SJi 191, 1906 

85 Lehman; E P Recklinghausen’s Neurofibromatosis and the Skeleton 

A Plea for Cojnplete Studj of the Disease, Arch Dermat & S^ph 14 178 (Aug) 
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the skeleton in all cases of von Recklinghausen’s disease Are the 
frequently associated bone changes to be regarded as an integral part 
of multiple neuiofibiomatosis, as a consequent event oi as additional 
evidence that some congenital influence is at woik^ More exact obsei- 
vations must be made befoie these questions can be definitely answeied 
In the fiist case heie lepoited, the many roentgen examinations showed 
no skeletal defects Pack^® reported a remarkable case of neuio- 
fibiomatosis of the cianial and deep ceivical nerves, presumably uni- 
lateial fiom the symptomatology 

In addition, von Recklinghausen’s disease is often associated with 
one 01 moie othei t3pes of tumors As experience has shown, such 
multiplicity of tumois connotes an underlying congenital defect 
Winestme pointed out the close lelationship that ma}^ exist between 
von Recklinghausen’s disease and giant growth and blastoinatosis of the 
intestines Haibitz lepoited an unusual case which showed at neciopsy 
a caicinoma of the left ovaiy with peritoneal and pleural inetastases, a 
large spindle cell sarcoma of the mesentery and mollusciiin fibrosum 
In Takacs’ patient,®® the neurofibioinatosis was associated wuth a large 
cavernous hemangioma of the right forearm Giraid’s thud case is 
unusual m that, following trauma, the skin over a molltiscum was trans- 
formed into an ulcerating epithelioma Similai carcinomatous changes 
over one of the neuiofibiomas have been desciibed by Schmit®® and 
Chambard Patoir and Raviait®^ repoited a case of thiee gliomas 
of the spinal cord with multiple neuiofibromas of the neive roots 
Kaulbach’s case is of much interest in that the multiple neuiofibiomas 
of the peripheral nerves weie associated with multiple central neuro- 
fibromas, multiple gliomatous changes in the spinal cord and a psammo- 
sarcoma of the dura mater situated on the rim of the foramen magnum 


86 Pack, G T Unilateral Neurofibromatosis of the Cranial and Deep Cervical 
Nerves Report of a Case, Arch Neurol & Psychiat 21 919 (April) 1929 
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In a somewhat similar case, lecentl}^ reported by Penfield and \'oung,“® 
the multiple cential and peiipheral neurofibromas were associated with 
multiple tumors of the glioma series in the brain and spinal coid and 
with multiple meningiomas of both the dura and arachnoid In 
Oizechowski and Nowicki’s case,®* in addition to the cential and 
peiipheral neuiofibromatosis, there were multiple meningiomas of the 
dura, epend3momas of the spinal coid and medulla and tubeious 
scleiosis of the cerebral hemispheres In Funkenstein’s case,®® a 
psammoma and an osteopsammoma of the spinal dura were associated 
with bilateral fibiomas of the cerebellopontile angle and multiple neuro- 
fibiomatosis Regnier and his associates®® believed that the} have been 
unable to find microscopically all “transitions” between the multiple 
meningiomas and multiple tumors of the acoustic and penpheial nerves 
observed m then case In a previous paper,®' I found among twent}- 
two collected cases of multiple intracianial meningiomas, eight cases 
associated with bilateial fibiomas of the acoustic nerve, foui of which 
also showed multiple neurofibromatosis of the cianial and peiipheral 
nerves At that time, it was stated that the association of meningeal 
tumois and multiple neuiofibromatosis is probabl} not an a piioii lela- 
tionship, but an expression of the predisposition oi susceptibiht} of the 
person thiough hereditaiy and dysontogenetic influences 

SUMMARY 

Two cases of von Recklinghausen’s disease are here repoited in one 
of which an edematous fibroma of the inferior cervical and upper 
mediastinal regions became sarcomatous about one year aftei operative 
mteivention The microscopic picture indicates that the multiple neuro- 
fibromas oiigmated from the perineuiium The literature on the sub- 
ject of malignant transformation in multiple neurofibromatosis is 
review'^ed 

Drs George E Beilbj and Thomas Ordwaj permitted me to use the clinical 
histones of the cases here reported, and Dr William P Howard allowed me to 
use the x-raj" plates 
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CONGENITAL DEFICIENCY OF THE PERICARDIUM 

THE FUNCTION OF THE PERICARDIUiAI 
CLAUDE S BECK, MD 

CLEVELAND 

Congenital deficiency of the paiietal pencardimn is a laie anomal) 
Sixty-foni cases weie collected fi om the Jiteiature by Moore ^ in 1925, 
and anothei case was added by Giant = in 1926 The case lepoited heie 
IS the sixt 3 ''--seventh Aside fiom its laiity, this condition possesses a 
special inteiest in that these cases tliiow some light on the function of 
the peiicaidiinn, a subject about which tlieie exists consideiable diveisity 
of opinion 

REPORT or CASE 

A colored man, aged 56, was admitted to the Lakeside Hospital on Feb It, 
1929, with the complaint of shortness of breath and swelling of the ankles Prior 
to the present illness the patient’s general health had been good There was no 
histor}’’ of shortness of breath, precordial pain or edema The patient alwajs had 
done heav}'’ manual labor About one month before his admission to the hospital, 
shortness of breath had developed Orthopnea, a productive cough and edema of 
the ankles developed subsequentlj’- Otherwise the history contained little worthy 
of note 

The patient was well developed and well nourished He had serious cleconi 
pensation The sj'stolic blood pressure was 260, and the diastolic 140 mm of 
mcrcur^ Geneialized arteriosclerosis was piesent The temperature was 37 5 C 
(99 5 F) The heart was somewhat enlarged, and there was a loud sjstohc 
murmur at the apex The pulse rate was regular, 96 per minute, and after the 
administration of digitalis it dropped to 60 per minute Pneumonia developed on 
the right side, and death occuned twelve days after admission to the hospital 

When the sternum was removed at necropsy, the heart and the left lung la} 
a common serous cavity m which there was also about 1,200 cc of clear, hgit 
yellow fluid There was no mediastinal reflection of the parietal pleura on either 
side of the heart, so that the entire left ventricle was in contact with the left JuHs 
The pericardium was almost completely absent The ventricles were entirel} ree 
from adhesions A fold of pericardium extended across the base of the heart rom 
the right auricle, to which it was adherent, to the root of the left lung, \' 
merged vith the parietal pleura This fold was about 4 cm broad 
a mesothelial surface adjacent to the heart It was attached also ' 
strands of tissue to the pulmonary artery and to the aorta (fig 1) 


Submitted for publication, May 2, 1930 

From the Department of Surgery^, the Lakeside Hospital and the 
Reserve University School of Medicine 

1 Moore, R L Congenital Deficiencj of the Pericardium, 

11 765 (Nov ) 1925 (I,e 

2 Grant, R T Congenital Pericardial Deficiency An Observa loi 
Function of the Pericardium, Heart 13 371, 1926 
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Extending from the hilus of the right lung to the diaphragm uas a blind pouch 
of fibrous tissue haMng a mesothelial lining and almost completeh coienng the 
right auricle In the illustration this pouch is show n opened, w ith its w'all retracted 
toward the right lung It dosed oft the space between th^ sternum antenorh and 
the vertebrae postenorlj The right phrenic ner\e laj m the base ot this pouch 
on the pulmonarj aspect 

Postenorlj, there was a soft collar or pad of areolar tissue and fat extending 
from the hilus of the left lung across the base of the heart to the lateral aspect ot 
the right auricle to which it was adherent This structure ended near the junction 
of the diaphragm and the blind pouch referred to The superior margin of this 
collar was adherent to the heart at the atno\ entricular junction, and as it cur^ed 
forward to its attachment to the right auricle it exerted a slight but definite 



Fig 1 — Anterior \iew of the heart and lungs The fold of pericardium extend- 
ing o\er the anterior surface of the heart from the right auricle to the root of 
the left lung is shown cut through and the ends retracted The blind pouch 
enclosing the right auricle and \enae ca\ae is incised longitudmalh and the fold 
of pericardium retracted toward the right lung The right phrenic nene lies 
on the pulmonarj" aspect of this retracted fold 

constricting force just below the tricuspid orifice The surface of this collar oi 
tissue was smooth and glistening (fig 2) 

The surface of the \entricles contained an increased amount of epicardial lat, 
and o\er the epicardium at the base there was an increased amount oi loo'C areolar 
tissue Toward the apex of the heart the epicardium appeared normal The 
heart was free from adhesions, except along the atno\ entricular groo\e po'tenorh 
and the right auricle antenorh and to the right The heart was definiteh enlarged, 
the enlargement consisting chiefl\ m hjpertroph\ of the left lentncle and slight 
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dilatation ot the right auricle After being fixed in a diluted solution of formalde- 
hyde U S P (1 10), the heart measured 10 5 cm in its transverse diameter, 
14 cm from base to apex and 8 5 cm from its anterior to its posterior surface It 
weighed 550 Gm The thickness of the left \entricular wall varied from 10 to 
22 mm and that of the right ventricular wall from 4 to 8 mm The myocardium 
grossly showed no abnormality, microscopically there w^as some hypertrophy of 
the muscle fibers, some slight patchy fibrosis of the myocardium and some loss of 
nuclear detail Then endocardium and the rarious valve orifices showed no 
pathologic change 

The aorta and the medium-sized arteries, particularly the renal and the coronary 
arteries, were definitely'^ sclerotic and showed thickening of the iiitima in the form 



Fig 2 — The ventricles are elevated showmig tlie pad of areolar tissue adherent 
to the atrio\entricular junction posteriorly' This pad of tissue extends from tie 
hilus of the left lung to the lateral aspect of the right auricle to w'hich it 
adherent ^^^^ere it curves forw'ard to its attachment it forms a definite groo 
m the right lentncle just below the tricuspid orifice 

of eleiated pearly gray or y'ellow'ish plaques, some of w'hich w’ere calcified 
coronarN arteries W'ere w'idely' dilated and show'ed no eMdence of occlusion 
The lung contained a few small areas of consolidation, but in genera 
containing The right lung was extensively' consolidated, and the pleura pos 
fibrinous adhesions The diagnosis of confluent lobular pneumonia 

The kidnevs together w'eighed 320 Gm The capsule w'as tne ene^ 
adherent The cortex contained a number of stellate scars Many' g ome 
fibrosed, and the tubules w'ere compressed and atrophic The vesse s w ere^ 

An aberrant renal artery was present on the left side, producing ^ 'famed t«° 
tion to the left ureter The pelvis of this kidney W'as dilated an con 

calculi 



BECK—CONGEMIAL DEEICIEKCY OF PERICARDIUM 285 


There ^\as enlargement of the median lobe of the prostate with dilatation and 
trabeculation of the bladder The remaining obserrations ivere not especially 
notew orthi 

The case reported was that of an adult who Ined lift} -six tears and 
who had done liard manual labor without ant cardiac symptoms Arterio- 
sclerosis and h}pertension developed A pulmonary infection was 
follow^ed b} cardiac decompensation and death At necrops} the peri- 
cardium was absent There w'as some enlaigement of the heart Both 
ventricles were free, but the right auricle was adherent to seteral rudi- 
mentart bands or folds of pericardium The latter w^ere such that the} 
did not seem to impair the movements of the heart, and its h}pertrophy 
undoubtedh was that associated wuth hypertension and arteriosclerosis 

THE rUNCTIOX OF THE PERICARDIEM 

Most textbooks of ph}Siology contain little, if anything, concerning 
the function of the pericardium Is this fibrous sac, lined with mesothe- 
lium and containing a small c^uantity of fluid essential or even useful 
for the noimal function of the heart’ Can it sustain a dilating m} 0 - 
cardium oi is its presence a potential dangei, another of those structures 
like the tonsils, the appendix or the saphenous ^ems that well could be 
omitted from the human anatom} ’ 

In an analysis by Moore ^ of foit}-two cases of deficient peri- 
cardium, adhesions betw^een the heart and adjacent structures W’^ere found 
in twehe, thiee of which show'^ed enlargement of the heart In one of 
these thiee cases, reported by Bristow e,® a rahular defect ma} ha\e 
accounted toi the h}pertrophy The second case reported by Curling^ 
occuiied in a man, aged 46, wdio preriousl} had been health}, who died 
of nnehtis and wdiose heart w^as found to be rather large and flabb} 
The third case, leported by Picchi,’ w^as that of a man, aged 60, w'ho 
died of fibimous pneumonia, the heart was described as a little larger 
than noimal m volume Unfortunately, man} of the reports of cases 
of deficienc} of the pericardium are incomplete, and an exact anal} sis 
of all cases cannot be made In the case recently reported b} Grant - 
there was a small adhesion between the heart and the lung, but this 
adhesion apparentl} had no eftect on the heart Likewise in the present 
case there w ere se-\ eral adhesions to the right auricle and along the atrio- 
\entriculai groove posteriorly, but these adhesions apparentl} had no 
eftect on the heart It ma} be said, therefore, that adhesions between 

3 Bn^to\\e Malformation of the Pericardium and Left Pleura Tr Path 
Soc London 6 109, 1854-1855 

4 Curling T B Case ot Congenital \bscnce of the Pericardium with 
Obscr\ations Tr Med -Chir Soc London 22 222 1839 

5 Picchi Sperimentale 61 375, 1907 
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the heait and adjacent stiuctuies occui inoie fieqnently when the pen- 
cardium is defective, but that theie was no conclusive evidence in any 
of the cases that adhesions were the cause of caidiac hypeitiopin 

The cases may be analj^zed furthei to deteimine whethei the head 
was moie pi one to undeigo eithei acute dilatation oi a slowh dei eloping 
dilatation when the “sustaining eftect” of the peiicaidium was not pres- 
ent In an anal} sis of foity-six cases by Giant,- the size ot the head 
was not stated in sixteen, ten ueie m fetuses or childien, and of the 
leinaining twenty peisons not one died of acute dilatation Ot these 
twenty cases in adults, the heait was desciibed as noiinal in ten and as 
enlarged in ten Of the ten cases showing enlargement one uas asso- 
ciated with S3'philis, one witli mitral stenosis and one with nephiitis, the 
lemaining seven weie incompletely lepoited, so that othei possible con- 
ditions associated with caidiac enlargement could not be excluded 
Among the ten peisons with a noimal-sized heart, theie was no evidence 
of any caidiac abnoimahty edhei in clinical examination oi in the histoi) 
No case of deficient peiicaidium was diagnosed dinicalh, and in no 
instance was the anomaly of the peiicaidium legaided as lesponsible 
foi death oi even as having exeited a significant influence 

Expel imentally, Bainaid® found that the heait without its peii- 
cardiuni luptuied undei a piessuie of one atinospheie, vheieas the 
piessure requiied to luptuie the heait with the pericaidiiim intact was 
one and thiee-fouiths atinospheies Fiom these expeiiments he con- 
cluded that the pericaidium was necessaiy to pi event dilatation of the 
heait Kuno,‘ in expeiiments with heait-lung pi epai ations, found that 
the heait without the peiicaidium could not toleiate a dilating foice, 
and that a slightly increased venous piessuie caused heinoiihage in the 
caidiac muscle Ameiio,® in expeiiments on labbits, found that the 
maigin of the pericardium lemaining aftei paitial resection in places 
became adheient to the wall of the chest, but that aftei total lesection 
of the peiicardium no adhesions weie found between the heait and tie 
suiiounding oigans These proceduies, he found, did not affect tie 
life of the animal, and he concluded that in human beings the pei^ 
cardium, when involved by tumois of the chest wall, could be lesecte 
without fear of endangering life Pailavecchio ® peifoiined siini^^ 
experiments on ten dogs, and noted m each case a pionouncec oss 

6 Barnard, H L The Functions of the Pericardium, J PinMol 22 43, 

7 Kuno, Yas The Significance of the Pericardium, J Plnsio! 

8 Amerio, V Contributo chnico-speriinentale allo studio deJle 

pencardio, Atti d XI Cong med internaz, Roma 4 301, 1S94 jnoglidicn 

9 Parlavecchio Experimentelle Perikardiektomie 
therapeutischen Am\ endungen, Deutsche Ztschr f Chir 98 -i, 
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weight and observed at necropsy a hypeitiophy of the left ventricle 
The size of the heait, however, was not observed by roentgen studies 
Rehn^° peifoimed total or partial peiicaidiectomy on five dogs, and in 
no case did he obseive any effect on the health of the dog No adhesions 
■were found at neciopsy, and no histologic changes were found in the 
caidiac muscle Mazzone remoied the pericardium fiom seven dogs, 
and found that the opeiation had no effect on the animals Yamada,’^- 
by making a long incision in the pericardium so as to nullify the effect 
of the peiicaidium on the heait, was unable in a series of fourteen dogs 
to obtain the results of Kuno in heait-hmg preparations During the 
postopei ative period, the dogs weie exeicised by running Dilatation of 
the heait did not occui, and m no case was intiamural hemorihage found 
Fiom these experiments, Yamada concluded that the protective influence 
of the peiicaidmm was not of great significance In none of the experi- 
ments mentioned were the animals subjected to strenuous exeicise, and 
the advisability of studying the capacity of the heart to peiform a gieatly 
increased amount of work without its pericardium led Beck and Mooie 
to call) out additional experiments Dogs were vigorously exercised, 
but not MSibly exhausted, by swimming in a tank Fiom these expeii- 
ments it was concluded that the general health of the dog did not seem 
to be impaiied by pencardiectomy, that the response to exercise did not 
vaiy appieciably fiom the normal, and that dilatation or hypertiophy 
of the heait did not develop Following pericai diectomy, it was found 
that the epical diuin usually became covered with a delicate film of aieolar 
tissue -which did not seem to impair the function of the heait Not 
infrequentl) a small adhesion extended to the incised margin of the 
peiicaidium oi to the lung, but such adhesions seemed to be of little 
significance 

In ceitain pathologic conditions the peiicardium exeits a pionounced 
effect on the cii dilation Expeiiments by Beck and Holman in which 
acute plethoia was produced by the intiavenous injection of blood and 
salt solution showed that the peiicardium piesented a limiting oi con- 
stiicting action to acute dilatation of the heart In these expeiiments 
the pulse piessuie doubled and the heait gieatly dilated when the peri- 

10 Rehn L Zur expenmentellen Pathologic des Herzbeutels, Verhandl d 
deutsch Gesellsch f Chir , 1913, p 339 

11 ISIazzone F Contribute sperimentalc alia pericardiectomia, Centralbl f 
Cbir 39 1046, 1912 

12 \amada M Ueber die Bedeutung des Penkardiums, T^Iitt a d med 
Fakult d k Univ zu Tokio 16 527, 1917 

13 Beck C S , and ]\Ioore, R L The Significance of the Pericardium in 
Relation to the Surger\ of the Heart, A.rch Surg 11 550 (Oct ) 1925 

14 Beck C S and Holman, E The Ph\siological Response of the Circu- 
lator\ S^stem to Experimental Alterations H The Effect of Variations in 
Total Blood Volume T Exper kled 43 681 (Xo\ ) 1925 
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caidium was opened Numerous diopped beats and exti asystoles 
marked the opening of the pencaidium and the subsequent dilatation 
of the caidiac chambeis Whethei the pericardium pi events sti etching 
of a diseased muscle fibei to the point at which it no longei can eftectively 
contiact is problematic It is to be noted, however, that in the experi- 
ments on acute plethoia the caidiac output greatly increased when the 
restiainmg influence of the pencaidium was removed Accoidmg to the 
expel iments lecently lepoited by Van Lieie and Crisler,^= vagal stimuU- 
tion lesulted m a gieatei dilatation of the heart after the pencardiimi 
had been lemoied than occuiied with the pericardium intact 

In the mechanism of caidiac tamponade the peiicardium plays a 
deleterious lole on the cii dilation Under the influence of a giadiially 
inci easing tension the pencaidium eiilaiges to contain eitliei the dilating 
heart or an increased collection of fluid As fluid collects in the peri- 
cardial cavity the heart deci eases in size, the venous pressuie rises and 
the artel lal pressure falls The formation of fluid must take place 
slowly, so that the pencaidium can dilate sufficiently to contain it, 
otherwise a fatal tamponade results In no event can the intiapencardial 
pressure rise aboie the pressure in the venae cavae 

In adhesive pencarditis the pericardium likewise plays a deleterious 
lole In those cases in which the loeiicardium is thickened and shrunken, 
the heait inadequately fills with blood, and its contiactiliti is impaired 
much as a tight-fitting glove impairs the free movements ot the hand 
It IS in these cases that pei icai diectomy gives highly beneficial lesults 

sum:mar\ and comment 

A case of deficienc}^ of the pencaidium is described 
An analysis of the cases that have been lepoited shows that adhesions 
between the heait and adjacent stiuctuies occui moie tiequently with 
this anomaly^ than when the pencaidium is present In no instance was 
the anomaly of the pencaidium legarded as lesponsible foi death or 
even as having exeited any significant influence on the heait or tie 
circulation The potential danger of bands of tissue adherent to tie 
heart, however, should not be overlooked 

Theie is no evidence to indicate that the peiicardium exeits a bene 
ficial effect on the acutely dilating heart 

In such pathologic conditions in winch a positive intrapencar ^la^ 
pressure occurs or in which cardiopericardial adhesions deielop, 
presence of the pencaidium may' constitute a grave danger 
mechanics of the circulation In the therapy' for these conditions su t, 

has much to offer 

15 Van Liere, E J, and Cnsler, George The Influence 
on Acute Cardiac Dilatation Produced by Vagal Stimulation, rea a 
of the American Phi^siological Society, Chicago, March 27, 19 



THORACOPLASTY AS A METHOD OF TREATMENT 
IN PULMONARY TUBERCULOSIS 

REPORT or riFTY-THREE CASES 
B N CARTER, MD 

CIXCIYNATI 

Suigical collapse of the thoiacic wall as a method of tieatment tor 
selected cases ot pulmonar} tuberculosis has come to be legaided as a 
laluable addition to the usual measures preiiousl} emplo}ed m com- 
bating this disease Dining the past five yeais I have peitoimed fifty- 
thiee thoracoplasties Sufficient time has elapsed m many ot these cases 
to enable one to judge the eftectiveness of the opeiation In addition, 
It has been possible to follow all of the cases so closel} as to be able to 
state with accuiacy the end-results Foity-six ot these fifty-three 
cases have been lefeired to the Surgical Sen ice of the Cincinnati 
General Hospital b} the Hamilton County Tubeiculosis Sanitaiium 

INDICVnOXS FOR OPERATION 

The need for close coopeiation betw'een the surgeon and mteinist 
m dealing with the suigical tieatment of patients with tubeiculosis is 
obvious The end-results of thoracoplast} depend laigely on the piopei 
selection of patients, and the surgeon wdio is so foitunate as to haic the 
achice of a caieful and w^ell-trained internist is almost suie to show'^ a 
high peicentage of cuies Thus the figuies of the Saueibiuch Clinic^ 
show' that of thiiti-fiie patients with strong indications and no contra- 
indications, 40 pei cent weie cured 51 pei cent nnpro\ed and 6 pei 
cent died, wdieieas, of foit\-thiee patients with questionable indications 
and some contiamdications, onh 14 pei cent weie cured 60 pei cent 
impioved and 14 pei cent died The commonl\ accepted indications for 
thoi acoplast} aie a chionic fibious t\pe of tubeiculosis with oi without 
a caMt\, essentially unilateial in a patient who has shown eiidence of 
good lesistance, in whom tieatment in a sanitarium has failed to eftect 
a cuic and m wdiom aitificial pneumothoiax cannot be peifoimed The 
infleMble indications to iua mind should be (1) CAidence of resist- 
ance as indicated bi fibrous tissue leaction around the lesion with con- 
traction of the wall of the chest and dislocation of Msceia (2) the 

* Submitted for publication, Ma\ 2, 1930 
"rrom the Department of Snrn;cr\ Unucrsiti of Cleicland 
1 Bruner, \ , and Baer G Die chirur^ischc Behandlung der Lungcntuber- 
kulose, Berlin, Tubus Springer 1925 
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impossibility of peiformance of a satisfactoiy pneumothoiax As a gen- 
eral rule the rapidly piogiessing caseous types of tubeiculosis with little 
or no foiination of fibious tissue do not seem suitable for operation, 
although good lesults have been lepoited by Hedblom in one such case 
in which piehminaiy phrenicotomy Avas peifoimed, followed by com- 
plete thoiacoplasty in many stages ovei a peiiod of seAen months In 
my senes, the aveiage duiation of tubeiculosis before operation Avas 
thiee Aeais, the shoitest time elapsing from lecognition of the disease 
until opeiation being one )^eai, and the longest ten 3 Tars 

Claus’ epigiam, “A good pneumothoiax is bettei than a thoraco- 
plastA , but a good thoiacoplast}'- is bettei than a pooi pneumothorax,” 
about sums up the attitude of most obseiveis at the piesent time Cei- 
tainly, the majoiit}'' of the membeis of the medical piofession feel that 
if a satisfactoiy pneumothoiax can be done, a thoiacoplasty is not indi- 
cated The leasons foi this, bnefl}', are that pneumothoiax is a simple 
proceduie, cpuckly and easily done, it allows giadual compression of the 
lung, can be teiminated Avhen desiied and giAes the most complete com- 
piession of the lung, in contiast, a thoiacoplasty is a major suigical 
proceduie, it gives sudden coinpiession of the lung, it cannot be abol- 
ished and does not give the most complete compression The advantage 
of thoiacoplasty OA^ei pneumothorax is that once done, thoracoplast) 
IS permanent, Avheieas AAuth pneumothoiax, lefills AVith their accompany- 
ing dangeis and inconveniences have to be earned out ovei long periods 
of tune Pneumothoiax is associated Avith ceitain dangers such as 
empjema, luptuie of the lung, spontaneous pneumothoiax on the oppo- 
site side and pleuial shock, but thoiacoplasty also may be complicated 
byr the CAen giaA^ei dangers of shock, infection and aspiiation pneumonia 
It IS not so much a question as to Avhether oi not pneumothorax is pref- 
eiable to thoiacoplasty', foi that seems established, but as to Avhen to 
substitute thoiacoplasty foi pneumothorax In this connection, the 
lesults of Matson - and his co-Avoikers aie of inteiest In a senes of 
492 cases in Avhich pneumothoiax Avas attempted the followng results 
AAeie obtained (1) complete collapse in 43 per cent, oi 211 cases, mti 
clinical lecoAery in 48 per cent, the condition ai rested in 20 per cent 
and death in 21 per cent, (2) partial collapse in 37 pei cent, or 
cases AAith clinical lecoveiy' in 13 pei cent, the condition anested in 
per cent and death in 50 per cent, (3) no collapse obtainable m 2 pe^ 
cent, 01 98 cases AAith recoA^eiy' in 7 pei cent, the condition ai reste 
23 pel cent and death in 55 per cent SAA^ezey' and Schonbar, m 
ing on 207 cases (205 of tubeiculosis) in Avhich pneumothorax 
done oAei a peiiod of ten y'eais, found that successful collapse c 

2 l^Iatson, R C , Matson, R W , and Bisaillon, M Tubercle 7 ^ 

3 Saa ezej , S , and Schonbar, Alexander Am Rev Tuberc 1 ^ > 
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be obtained in 38 per cent, partial collapse in 36 per cent, and that in 
26 per cent collapse could not be obtained, their mortalit} figuies aie 
much like those of Matson and his co-workers MattiU and Wall ^ 
stated that of 150 patients on whom pneumothorax nas attempted, no 
fiee pleural space was found in 37, of these, 19 were subjected to 
thoiacoplasty, with the result that 4 died, 4 are working and 11 are 
under treatment, of the 18 who were not operated on, 7 died 1 is 
working and 10 are undei treatment Judging from these repoits wdnch 
are probabl)'- repiesentative of the usual experience, pneumothoiax can 
be effectively emploj^ed in only about 40 per cent of the cases, and 
wdiereas the percentage of deaths is appi oximately 20, if pneumothoiax 
IS complete, it is about 50 wdien pneumothorax is partial oi impossible 
It wmuld seem, therefore, that in a case suitable for collapse theiapy, 
but m which this may not be thoroughi)'- accomplished by pneumothorax, 
It is far safer to do a thoracoplastj^ and this should be done eaih^ and 
not as a last resoit The instances m w'^hich thoracoplasty is preteiable 
to pneumothoiax haie been well stated by Davies ^ as follow'^s 

(1) In the long standing chrome cirrhotic t\pe of piilmonarj tuberculosis 
which IS associated rvith great shrinkage of the lung and consequenth displace- 
ment of the mediastinum and with considerable and generalized dilatation of the 
bronchia] tree (2) In cases with large thin walled or rer^ thick walled caiities 
In the former the danger of rupture in the pneumothorax is great In the latter 
It IS lerj improbable that the pneumothorax can produce an efficient collapse 

The same author stated that thoracoplasty should leplace pneumo- 
thoiax 

(1) When adhesions are present which are interfering with the efficient col- 
lapse of the lung The exception to this is when the adhesions are basal onh 
(2) Where there is a thm walled canty held open b\ an adhesion or adhesions 
too broad for dinsion bj cautherizatioii w’lth safeti (3) When there is a thick 
w’alled caviU which cannot be collapsed bv reason of the ngiditi oi its walls 
(4) When there is an effusion which is persistent and is responsible lor, part 
at an\ rate, of the febrile condition (5) When there is a bronchial fistula 
(6) When the lung is creeping out or has crept out and the srmptoms are recur- 
ring, and the reexpansiop is too great to be dealt with bi phrenic enilsion onh 

Six oi 111 ) patients liad bad a pneumotliorax (artificialh induced) 
which was not satisfactorj owing to the accumulation ot thick tubeicu- 
lous pus in two cases, to an uncollapsed cawh in two, and to a combina- 
tion of each of these in two Thej hate all done unusuall} well and 
aie now classed as apparenth well The\ stood operation bettci than 
the usual patient The degiee ot collapse of the thoracic wall was 
excellent and the pleural cat itt has been w ell obliterated in all 

4 Mattill P mid all M H Am Ret Tuberc 13 537, ]92d 
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The indications foi thoi acoplasty admitting of vaiiations are the 
condition of the opposite lung and the geneial condition of the patient 
In the all iinpoitant question of the good lung, the internist who has 
been f amiliai with its appeal ance in the i oentgenogram and the physical 
signs ovei a peiiod of months, can and should bear the burden of the 
decision Theie aie veiy^ few cases of absolutely unilateral pulmonary 
tubeiculosis, and neaily all cases coming to opeiation show some degiee 
of ln^ohement on the opposite side Lesions on the good side which 
seem of seiious natuie to the suigeon seeing the patient for the fiist 
time, 111 the light of the mteinist’s knowledge, may not be coiitiaiiidica- 
tions to opeiation The lattei may'^ know that such lesions have been 
stationai} foi weeks oi months, oi that they aie becoming inoie fibrous 
01 that they may be due to circulatoiy'^ changes Active caseous lesions 
on the good side aie definite contiaindications to opeiation Inactive, 
fibiotic lesions oi less fibiotic ones that have been stationery aie not 
contraindications Othei things being equal, lesions situated in the apex 
of the good lung aie less seiious contiaindications than siinilai sized 
ones in the base oi lulus The explanation usually' given foi this is that 
the exclusions of the lung aie gieatei at the base than at the apex, and 
that the lulus, being in pioximity to the heait, is kept m almost constant 
motion, consequently, lesions m these locations are inoie apt to be 
activated n hen inci eased woi k devolves on the good side, following col- 


lapse of the bad 

Changes occui so cpuckly in the moie aftected side, that no patient 
should be opeiated on unless caieful phy'sical and loentgen examina- 
tions aie done just be foie the opeiation In one of my cases, in which 
this \vas neglected, I have leason to believe that changes contiaindi- 
catmg opeiation had occui led within ten days following the last roentgen 
examination and iveie uniecognived, rvith disastious results In another, 
a loentgenogiam made two weeks be foie the pioposed opeiation shove 
the good side cleai, but one made the day' befoie that set for operation, 
showed contiamdicating changes The opeiation was deferred for six ^ 
months, the lesions leceded oi became fibiosed and operation was sue 


cess fully done 

The desiie to extend the indications foi operation is unusually 
m the case of these patients whose only hope lies in suigical co ap 
the lung, and phy'sicians aie tempted to take despeiate 
doing so, I feel that it simply' makes the patient’s end more 
tends to disci edit the operation By means of operations cnicc 
moie than the usual two stages and preceded by phrenicotomy I feel 
results may' be obtained m cases that ivould otherwise ' ^ 

that one of my' patients who died could have been save , lac 
phi eiucotomy' fiist, and then a seveial stage operation ra le 
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accustomed t\\o stages 1 j\ closest attention to detail bcfoie opeiation, 
patients nho at fust glance seem unable to stand the ordeal, ma} be 
"Otten into satislacton condition foi it llie gieatcst aid hcie is the 
use ol tianstusion This has been cmph.isi/ed h\ Yates*’ and ne heai- 
til\ agiee with him as to its use both picopeiatucl} and postopeiatneh 
I ha\c used it m nine eases in this series, thiee transfusions weic 
gnen in two of these one hcfoic each stage of the operation In 
c\ei} case hut one the lesults of tiansfusion weie lemarkahle 

Attention to se\eial details in the pieopeiali\e treatment wall he 
lollowed In greatei ease of operation, fewei complications and hettei 
lesults It is aihisahie to ha\e the patients undei ohsenation for seieial 
da\s m the hospital wheie the opeiation is to he performed The excite- 
ment ot being transpoited to a new hosjiital, the fatigue or exposure 
on the jouinei ma} cause a flaie-up of tempcratuic and pulse, in the 
presence ot which the added stiain ot opeiation might he dangeious 
Piacticalh alwais, these patients, ill and toxic foi a long time, ha\c a 
nnocaiditis and a tieatmeiit with digitalis should he gnen before opera- 
tion Ihis piccaution was disicgarded in some of inj first cases and 
the contiast in their caidiac reaction was sti iking in comparison to the 
later ones m which digitalis was used Patients with appreciable 
amounts ol sputum should he made to cmpl\ then cavities h\ postural 
drainage just he foie operation, to guard against aspiration during or 
immediateU aftci the collapse of the thoiacic wall It is impel atnc 
that the skin he free of ahiasions, acne, etc, before operation is 
attempted Piohahh the most important precaution preoperativeh is to 
match the patient’s blood for transfusion So fiequentl} , the long illness 
has depleted the patient’s i eseri e and has hi ought about such an anemia, 
that the} aie especiall} poor risks It is remarkable what a difterence 
one or two tiansfusions wall make in the patient’s condition, and I am 
sure that h\ using them freely, certain patients who W'ould otherwase 
succumb can be gotten safely thiough the operation 

ANHSTIIESIA 

The tendenc} at picsent is tow^aid general anesthesia for cases of 
thoracoplast} , but neveitheless, w^e favoi and use local anesthesia 
Aichibald ‘ has guen up the use of local anesthesia for a combination 
of gas and oxygen and local anesthesia Sauerbruch ® uses ether in 
patients whose expectoiation of sputum in tw^enty-foui hours is less 

6 Yates J L Rauonale of Operations Helpful in Promoting Recoveries 
from Pulmonary Tuberculosis Arch Surg 14 369 (Jan) 1927 

7 Archibald, E Am J Surg 10 328, 1925 

8 Sauerbruch, F Die Chirurgie der Brustorgane, ed 2, Berlin, 1920, vol 1 
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than 30 cc Chalier ® stated that he used rectal anesthesia Meyer 
seems to feel that local anesthesia is safest General anesthesia is cer- 
tainly open to the serious objection of aspiration of the contents of 
cavities, so frequently present, into othei poitions of the same or oppo- 
site lung This constitutes the greatest danger during the opeiatioii, 
and we feel that any proceduie that will tend to decrease its incidence 
is well woith while One of my patients died of pneumonia in the 
good lung, which I felt was the result of a light gas and oxigen anes- 
thesia The objections usually made to the local anesthesia aie that it 
IS frequently uiisatisfactoi}'’, it is time-consuming, and poisoning fioiii 
procaine h3diochloiide with death may lesult, and that it is too great 
a mental strain on the patient and suigeon I have used local anes- 
thesia in fifty of the fifty’-'three cases, and still feel it is the method of 
choice A combination of light nitrous oxide gas and local anesthesia 
was used m three cases The method used has been direct infiltiatioii 
of the skin and muscles and injection of the intercostal spaces close to 
the spine under direct vision The intercostal nerves are injected as 
soon as the spaces are exposed and b) the time a few vessels hare been 
tied oft and the soft tissues reflected laterally, the anesthesia is complete 
I have had one case in which local anesthesia was unsatisfactoiy and 
had to be abandoned m favor of light gas and oxygen The infiltiation 
can be done rapidly', the usual time required in my cases in mIiicIi 
the anesthesia is used, is about fifteen minutes Theie haie been no 
cases of serious poisoning with piocaine hydiochlonde, although in one 
instance it was felt ivise to terminate the operation after resecting three 
ribs ow'ing to a reaction attributed to the piocaine hydrochlonde One 
per cent procaine hydrochloi ide is used for the skin , 0 5 pei cent for 
the soft tissues and 1 pei cent for the mtei costal nerves ^Matson 
has shown that in injecting solutions into the intercostal spaces close to 
the spine, not infrequently' some of the solution is found inside the dino 
He expressed the belief that this may be the cause for some of the deatis 
and reactions attiibuted to procaine hydiochlonde It is quite tiue tia^ 
local anesthesia imposes a moie se\eie mental strain on the patient, an^ 
this IS its w'orst featuie Howevei, by' prehminaiy administi ations 
moiphine and by encouiagement from a cheeiful and tacttu 
duiing operation, a good deal may' be done to lessen it Althoug i 
more ti ouble and is harder on the operator, the fact that it is sa er s lo 
overbalance these moie oi less minor objections to its use 
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OIM R\1IO\ 

The slanclaul ilm^-b<ui<.il)iuch lhojaLoi)l.isl\ is so well known .it 
piesent that it is not neecssan to cjo into its det.iils 'J his is the pioeecluic 
used b\ the majoiit\ of suii^^eons tod.u who .ne opei.itmi; on jiatienls 
with pulmonaiN tubeieiilusis Mthoiujh theie .ne mam modifieiitions, 
thc\ aie foi the most pait ininoi dep.ntmes fiom the st.md.nd o)Kia- 
tion such as xaiiation in the leiii^lh ot the iih icseeted, which iih is 
dnicled fust and whethei the lowei oi uppei h.df nl the elust is .itt.iekid 
hist Thus Bi.auei lesccts j,ne.itei lenijths of iih hene.ith the so.ijnil.i 
than othei opciatois ]3ull ’ does ,in .ijjicoh sis heiie.ith the ihiee ujiper 
libs befoic dniding them John Mex.mdti " iieommcnds jihienieot- 
om) followed b\ lescction ot oiiK the n])pLi sc\tn iibs ete Ihtie 
seems to be a unanimite ot ojiimon on the follow ini^ jiuints fl) the 
dnision ot the iihs close to then .ntieul.ition with the sjnne i2) le^-ie- 
tion ot a poilion of the fust iih, fs) lesection of lont:ei pnitions ol the 
nhs than Wilms .ndeoe.itcd Aiehiluld s' method of littimj the .nnonnt 
oi lib lescclcd to the eondilion in the imluidu.d e.ise has seemed most 
logic.il to me and th.it h.is been the method iiseel in this sd ics In geneial 
howceei I resect 10 cm ol the eleeenlh iib, tiom 12 to 15 em ol 
the tenth to the fouilh iibs mehisne, 10 em ol the thud iib .S cm ol 
the second iib .ind tiom 5 to 5 em of the lirst iib Of the 53 ji.itients 
m this senes 26 h.id segments of the fust to the tenth nbs inehisuc 
lesectcd, 19 h.id poitions ot the fust to the ileeenth nbs mchisuc 2 
had the fiist to the tweltth nbs mclusne .nid .3 had the liist to the ninth 
nbs mclusne In the fust tew e.ises 1 m.idc .i eiireed incision out 
undei the scapula foi the '.ecoiid st.age, but h.iec .ib.mdoned it and now 
piolong the lowei end of the* second meisiun into the ujijiei end of the 
first jSI) a^el.lge foi the tot.d length of nb lesccled has been 11s cm 
lor 11 ribs and 125 cm lor 11 nbs 1 .ilw.ns lesect the hist nb .ind 
usualh the eleecnth, though if the diaphi.igm is high, if .a pieliminare 
])hienicotoim has been done oi the lowei lobes aie icl.iti\el\ fice fiom 
disease, I le.ue the eleventh nb mt.iet Owing to the f.aet that the 
contiaction of the jibious tissue m the lung on the side on wdiich the 
opeiation has been pcifoimed is the most potent f.ictoi in i)iodueing 
the collapse, following icsection of the nbs, gie.itei lengths of nl) should 
be resected m cases m which theie is lelatieeh much seal tissue m the 
diseased lung It is mteiestmg to note the caiying amount of collapse 
m the difleient portions of the same lung, the collapse being moic 
marked ovei the portions containing the gicatest amount of fibious 
tissue Wheie theie is little fibious tissue in the lung and pleuia and 

12 Brauer, L Beitr z Khn d Tuberk 51 319, 1922 

13 Bull, P Proc Roj Soc Alcd 17 1, 1924 

14 Alexander, John Ann Siirg 81 748, 1925 
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consequently, gieatei mobility of the mediastinum, the dangei of flap- 
ping mediastinum with its resulting circulatory and respiratory einbai- 
lassment should be guarded against by resecting shorter segments of 
lib, and by dividing the operation into more than the accustomed two 
stages I have adi ocated removal of portions of the first to the tenth 
libs 01 the first to the eleventh ribs whenever a thoracoplasty has been 
advised and jiai tial thoi acoplasties have not been done Though I have 
not had experience with the latter, I have felt that the amount of 
lung consened by it is not comparable with the greater degree of col- 
lapse obtained by the resection of portions of all the iibs All of my 
patients ha\e had the portions of the lower ribs resected first, followed in 
about two weeks by resection of portions of the upper ones Except 
for six cases, piehminaiy phiemcotomy has not been done However, 
now I believe it advisable m nearly all cases, and especially those in 
which (1) it IS uncertain whether the good lung will stand the added 
strain thrown on it by thoracoplasty , (2) the patients general con- 
dition IS such that it is questionable whether he can stand thoraco- 
plasty in his present state, phiemcotomy being done to lessen fever, 
lmplo^e the general condition, and (3) in which it is possible that 
phiemcotomy alone may' effect a cure 

The operative pioceduie used in this senes of cases vanes m seveial 
lesjiects from those lepoited fiom othei clinics One gets the impres- 
sion from the liter atuie that the operations must be done with extreme 
lapidity, as though the time element was a gieat factor m their success 
It has been my opinion that an opeiation done only as rapidly as is 
compatible with gentle handling of tissues, with accurate hemostasis 
and absence of tearing and tugging, is far safer, is attended with less 
shock, and moi e quickly' i ecovei ed f i om, than one clone under conditions 
where much has to be saciified to the demands of speed The average 


time in my cases is about an hour The patients are placed in a supine 
position on the operating table, with the aim on the affected side hanging 
over the edge so it can be moved to throw the scapula out fiom the 
thorax As soon as the skin is incised, towels are fastened to the edges 
of the wound with small metal skin clips This can be done rapidly an 
prevents slipping better than any' method we have tried Gentleness ni 
handling tissues and accurate hemostasis are insisted on Fine silk ws 
been used for ligatures and suture in all but one case and that 
became infected No case has been drained and only three have 


with blood or serum to a degree necessitating aspiiation All the 
tions hare been done in two stages, from below up, saie five, u 
u eie done in three stages Two of these were in emaciated 
expectorated from 4 to 6 ounces of sputum a day, had tub..rcu 
laryngitis and were in poor general condition One other was 
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emaaaled woman, aged 42, whose condiUon became .ilatming aftei thice 
libs bad been lesected. so tbal the oiKialion was teimm.ited and two 
latei stages done In tlie olbei instances, the jiiesenee of d<ingcious 
lesions on the good side in.ide ti tbiec -stage lescetion jnefei.ible so as 
to moic giadualh tbiow added stiain on tbo good lung Ibebmin.in 
pbicnicotomi lias been used onl\ six limes ,iltbougb I now btbeee it 
should ba%e been done in nian\ ot the olbei cases i be usual inleieal 
between opeiations lias been two week'', in some cases, foi ^.^llous le.i- 
sons, tbc opei.ition lias been done with iiilenals of 10 el.i\s .iiid in otbeis 
intcnals ol o\ei two weeks It tbeie i'' .in\ doubt as to the jiatieiil s 
abibt\ to stand tbc second opei.ilion it is wisei to wait longei than to 
1 egret a too bast\ second stage 

Xo seiioiis aecidents b.ne been nut with duiing o]iei itioii J be 
pleuia was toin in two ca-'Cs but was imniedi.iteK sutmed and leintoiceel 
with inteieostal niuscle Xo ill elleet'' ie''Ulled ,uul the wounds be.iled 
without complications One ])atieiit bad .i seecie leaetion, wbieb 1 
tliongbt due to pioe.une Indiocbloiide as iiunlioned beloie J he fust 
nil was \ei\ diffieult to expo'-e in sexeial e.ises 1 b.ue not been 
troubled Willi il.uiiiing degiees ol sJnnK cilliei diiiingoi altei o])eiatioii 
in ain ca'-e, allbongb se\eial ii.itieiits ba\e exhibited mild degiees as 
CMelcnced b\ jialloi slight sweating nid lapid puKe It is icmaikable 
how well the iiatients stand this ni.ijoi pioeedure il piopcih prep.iied 
and It the opeiation is done without loss oi blood and without undue 
tiauiiiatisiii to tissues 

I'osiori K \i i\i c \Ki 

J he poslopei.itne ni.in.igenieiit ie''ol\es itsell laigel> into ])ie\entuig 
aspiiation pneuiiionia ,ind into m.uiitaining the lesistaiiee of the patient 
The fiist loit\ -eight houis .uc the most tniiig and dangeious, foi it 
IS then that aspiiation is most apt to oeeur owing to the difiicult and 
painful attcniiits at coughing The fieejnence of the cough should be 
conti oiled b\ moijdunc wduch also iche\es the pain to such elegiee 
that when coughing takes place it can be eflectnc E\eiy efloit is made 
to haee the patient expectoiate the sccietions w'hcn he begins to cough 
Firm piessuic on the opciatcd side duiing coughing spells and a Aery 
snug dicssing help greatly to accomplish this 

The geneial lesistance is maintained b} foicing nuids, by pai taking 
of noimshmg food, by lest (seelatiA'cs) and by tiansfusion, if other 
methods fail I beliCAe that many lu'cs wull be sa\ed by tiansfusions 
made befoie and aftei the opeiation Mediastinal fluttei and paiadoxic 
respiration aie the most sciious seeiuelae of the opeiation They are 
apt to occui in patients Avith a thin pleura Consequently, m this t 3 'pe 
of case Avhere, as aforementioned, shoitei poitions of nbs should be 
resected, it is safer to do the opeiation in three stages In this series 
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one patient died fiom these causes on the second day after the opeiatioii 
She was extremely well nourished, in good general condition and had 
a small cavity at one apex with the lest of the lung relatively clear 
It was decided to lesect the uppei eight iibs at one operation The 
pleuia was so thin that tlie lung could be seen moving beneath The 
patient stood the operative pioceduie well but m a few hours developed 
a lapid pulse cyanosis, palloi and dyspnea In spite of all that could 
be done, she died in thirty-six houis 

The tempeiatuie of patients who do well is usually elevated fiom 
one to thiee degiees foi the fiist two days, then falls steadily, leaching 
the pieoperative le\el in about one week This is thought to be due to a 
flooding of the bod}^ with toxins fiom the collapsed lung, it may be 
likened to a laige injection of tubeicuhn Bull and Giaf haie found 
that blood taken fiom patients in the febrile stage aftei thoi neoplasty is 
much moie toxic to tubciculous guinea-pigs than that of the same patient 
when taken befoie opeiation When the tempeiatuie lemains high, or 
becomes nioie elevated, the explanation usual!}’’ lies in infection of the 
wound 01 extension of the disease to othei poitions of the lung on 
the same side, oi to the opposite side b}’’ aspiiation, this was tuie in 
both of oui cases m which aspiiation pneumonia developed on the 
opposite side Theie is much less leaction following the stage in which 
the uppei libs aie lesected If the patient has stood the lesection of 
the lowei iibs, I feel no alaim as to his ability to go through the second 
stage It IS largely foi this leasoii that we lesect the lowei iibs fiist, 
foi as It IS the greatei stiain of the two, the patient has a bettei chance 
of standing it when his lesistance is at its highest, i e, befoie theie 
has been any opeiative proceduie The pulse in geneial follows the 
temperature Wheie digitalis has been used befoie and aftei opeiation 
I have found much less caidiac leaction Nearly even case shoivs 
slight dyspnea oi cyanosis foi a few days aftei opeiation jMaikecl 
c 3 'anosis and d 3 "spnea mean ustiall}^ a flapping mediastinum but nni 
result fiom aspiiation pneumonia in the good lung I have seen it 
three times in m}^ cases In two instances theie was tubeiculous puei' 
monia in the good lung and in the othei theie was mediastinal flutter 
The dressings aie undistuibed for five days, at which time the sutures 
aie removed and a tight dressing applied foi another week 


RESULTS 

Fift 3 ^-thiee patients have been operated on in the past sm 
1 total of 108 operations (45 cases in two stages, 5 cases m 
and 3 cases with onl}’’ one stage completed) Foi t} -four pa 


15 Graf, W Deutsche Ztschr f Chir 187 418, 1924 



Fig 1 — 11 H Rocnlgcnogrnm*; showing ( 1) large caMl\ at the apc\ of the 
left lung, {B) result one \ear after llioraco|)iast\ 
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(83 01 pel cent) aie aln^e today, 9 (16 99 pei cent) have died Table 1 
gives the lesults to date in the 53 cases In this table ‘'appaiently well” 
indicates that the patient has a sputum that is negative foi tuberculosis 


T VBLE 1 — Results m Fifty-Tlu ee Cases 



dumber 
of Cases 
Done 



Condition of Patient at Present 


Operation Was 
Performed 

Apparently 

AA'cll 

Too Earlv 

Iinprov cd Unimproved to Classify 

\ 

Dead 

1924 

1 




1 

1925 

5 

g 



2 

1926 

13 

9 

1* 

1 

2 

1927 

31 

9 



2 

192S 

9 

6 

3t 


0 

1929 

14 

S 

It 

3§ 

2 

Total 

53 

35 

5 

1 3 

9 


* TiJis patient, a girl, vas 16 years of age abca she a as operated on four years ago She 
slv, tliin anil ancmit with a huge caMtj occupMng nearly the whole upper 
has been obliterated, the sputum was negative for tuberculosis bacilli on 
patient was apparently well for two years, but has recently been feeling 
tired, has been coughing more and was put to bed two months ago I believe she will recover, 
and if she is careful, Ine comfortably for years 

t One of these three patients bad a huge cavity m one apev which, according to a roent 
genogram, has disappeared, though actuallj I believe it is present, but small The patient 
loohs healthj, feels well and feels that he is cured Except for an occasional positive sign of 
tuberculosis bacilli in tlie sputum, he could be cliis«cd ns “apparently cured ’ Another is a 
woman, aged 40, with a very thick walled cavity which has not been entirely collapsed She 
looks and feels well but still has a few tuberculosis bacilli m her sputum The last P®hent 
of the three is a boy who was 18 when the operation was done He was a poor risk ana nao 
his operation in three stages, with several transfusions between His lung showed several 
cavities in upper and middle lobes Ho looks and feels much better, bas a moderate cough, 
but his sputum show s a few bacilli , 

t This patient is a man, aged SS, who has been sick for siv wears 
on tho left was a huge cavity Tlie cavity has been decreased to about one tenth its 
size but IS still present The patient shows positive signs of tuberculosis bacilli in the sputum 
Further operative procedure is to be done in an effort to collapse the cavity completely 

^ Tlitsc three patients all liave sputum that is nigntivc for fahtrculoss bacilli nna com 
on their way to recovery', but it is too early to say what their end result will be, as they nave 
been operated on only three months ago 


Table 2 — Sin/niia/y of Agts, Gciicial Condition and vS'ct of Patunts and 

Side of Opciatwn 


Kcpov cred 



Age 



General Condition 




'l5 to 
20 

4 

21 to 26 to 31 to 
25 oO d5 

15 6 9 

20 to 
40 

5 

41 to 
50 

5 

' Good Modcr Poor 
i?isk ate Risk K sk 

30 9 5 

Jlnlc 

15 

rciiialt Right 
29 19 

Left 

25 


Age 



Died 

General Condition 

-A— — ^ 




" 21 to 
25 

5 

,1 to 30 to 

35 40 

1 2 

n to 

50 

3 

51 to’ 
60 

1 

' Good Jloder Poor 
Risk ate Risk Risk 

3 2 4 

Male 

4 

Female Bight 

5 4 

Deft 

5 


bacilli IS fiee fiom cough, and is leading a normal life, impioie 
that the patient has sputum that is occasionally positive foi tuieic 
bacilli, has gamed in weight and stiength and is able to fc up 

about but has to take unusuall}'^ good care of himself erated 

In table 2 is found a summaiy of the ages of the patien s p 
on, their genet al condition, sex and side of opeiation 
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It IS our plan to deal with the pathologic condition of the “good” 
and the “affected” lungs in a separate communication which will be 
published shortly Table 3 gives a veiy ciude idea of the condition of 
the affected lung m this senes 

Theie w^as evidence of exti apulmonar} tubeiculosis befoie operation 
in seven of the fifty-three patients Three of these patients liaise died 
Then lesions consisted of lai 3 ngitis, cenical adenitis and gastio- 
mtestmal and laryngeal tubeiculosis in the last In the four patients 
who aie classed as “apparentl) well,” the extrapulmonary lesions were 
rectal fistula in tivo cases, and epididymitis in two 

Nine deaths have occurred m this senes, an analysis of each death 
follow s 

Case 1 — S M, a woman, aged 24, ill for one a ear with tuberculosis ivas 
moderately well nourished She became slightK CAanotic on little evertion She 
had a history of digestive upsets, vomiting and alternating attacks of diarrhea 


Table 3 — Condition of Affected Lung 



Lmng 

Died 

C aviti 

7 


Cavitj and cn«cous bronchopncunionin 

15 

5 

Cavitj and marked fibrosis throughout the lung 

10 

i 

Cavity, fibrosis and fluid 

4 


Pibrosis 

1 


Pibrosis, fluid and caseous bronchopneumonia 

Artificial pneumothorax unsatisfnetorj 

1 


(a) Cavitv uncollapscd 

2 


(b) Fluid thick, purulent with manv tuberculosis bacilli 

2 


(c) Combination of a and b 

2 



and constipation wuth slight hoarseness at times Roentgenograms showed a huge 
cavitj at the apex of the left lung wuth much caseous bronchopneumonia below it 
The right lung show^ed "fans” resembling caseous bronchopneumonia in the first 
and second interspaces trunks There w'as very little fibrosis on either side Six 
ounces of sputum were expectorated in tw^enty-four hours This w'as the first 
case of the series Thoracoplasty in tw'o stages w^as done in August, 1924, tie 
huge cavity was not entirely obliterated by operation The patient improved or 
two months, then showed increasing gastro-intestinal involvement, and die 
months later wnth evidences of tuberculous involvement of meninges, kidne}s an^ 
intestines In the light of our present knowledge, she was a poor subjec ^o^ 
the operation owing to her lack of resistance as ei idenced by httle fibrosis an 
rapiditi" of the progress of the disease, exudative lesions in the goo uns 
the extrapulmonary involvement 


Case 2 — M G , a w'oman, aged 40, had been ill for five years wnt tu 
She W'as thin and weak, and became slightly cyanotic and dyspneic 
There ivas no history suggestive of extrapulmonary tuberculosis 
grams made three weeks before operation showed a large cavitj at 
the left lung wnth considerable fibrosis and dislocation of viscera , t ^ 
w^as essentially clear She expectorated 4 ounces of sputum m twen i m 

The temperature w'as 102 F daily Thoracoplasty w'as done m w ^ 
November, 1925 A good collapse ensued Roentgenograms ma e e 
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Fig 5 — Pliotograpli sliowiiig tlic two scpnnlc incisions for tlic two stage* ot 
thoracoplast} 1 Ins lias been discarded for the incision shown in figure 6 



Fig 6 — Photograph showing the tjpe of incision now used 
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the first operation showed tuberculous caseous pneumonia in the lower lobe of the 
good lung The patient died three months after operation from extensive invohe- 
ment of the good lung I feel that we should have had a roentgenogram imme- 
diately before the operation, and not have relied on the one done three weeks 
before Had we done so, I think we would have found enough tuberculous 
involvement of the good lung to have contraindicated operation Provided there 
was no involvement of the good lung before operation the case would have been 
much better handled had we done a preliinmary phrenicotomy and a three-stage 
thoracoplasty with a transfusion between each stage 

Case 3 — G P , a woman, aged 39, had been ill for one jear with tuberculosis 
She was thin, but a moderately good risk She had temperature of 102 F each 
afternoon, and a pulse late of 120 Roentgenograms showed cavities in upper 
part of the left lung , fibrosis w ith retraction of ribs and dislocation of the viscera 
The good lung showed fibrosing lesions in the second interspace trunk, 3 ounces 
of sputum was expectorated m t\\ent\ -four hours A preliminary phrenicotoniv 
was done in December, 1925, and one week later tlie temperature had fallen from 
102 to 100 F each afternoon A partial thoracoplasty (tenth to sixth ribs, 
inclusne) was then done under local and gas anesthesia The patient was so 
apprehensive that gas had to be used Following operation, the temperature rose 
to 103 F and remained up each day A roentgenogram showed extensile 
tubeiculous pneumonia on the good side, and the patient became progres- 
siveh worse, dying in Mav, 1926, six months after operation Autopsi 
showed ulceration m the cecum and ileum and extensive cavitation and caseous 
bronchopneumonia throughout both lungs This patient died from involvement 
of the good lung follow'ing operation possibly due to aspiration during the operation 
while under gas anesthesia 

C\SE 4 — W W, a man, aged 53, had been ill with tuberculosis for one tear 
He was moderately w'ell nourished, had a normal temperature, and tuberculous 
laryngitis which wms healing Roentgenograms show'ed a cavity at the upper 
part of the right lung, wnth considerable fibrosis and dislocation of viscera The 
good lung showed a large area of fibrosis, the site of an old cavity which 
appealed healed The patient w'as operated on in three stages under local anes- 
thesia, and a good collapse of the lung followed He did well for six months, 
but died ten months after operation from an extension of the disease to, or a 
lighting up of the old process, in the good lung 

Case 5 — C C, a man, aged 23, had been ill for two and one-half }ears w'lth 
tuberculosis Phrenicotomy was done in October, 1923 Improvement lollowe 
until July, 1926, when cavitation began to appear in the affected lung an tie 
good lung showed several small areas of caseous bronchopneumonia m the ape\ 
By November, 1926, these lesions in the good lung had become fibrosed Thoraco 
plasty in two stages was done m November, 1926, and the patient had an unevent u^ 
recorery Six months after operation tuberculosis of the spine and ki nei 
developed, and he died of generalized tuberculosis twelve months after operatioi 

Case 6 — G P , a man, aged 49, had been ill for nine years, he w'as 
w^eak wnth frequent cough and expectoration of several ounces of sputum a 
He had an active tuberculous laryngitis and a few enlarged cervica 
Roentgenograms show'ed marked fibrosis m the right lung wnth much con ra 
and a large cavity at the apex The good lung show'ed marked 
calcification , there was no activity Owing to the marked emaciation 
ness, a three-stage thoracoplasty was done in August, 1927, wnth a 
between each stage The patient stood the operative procedure w'e 
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gitis )nipro\cd foi sc%cral months then flared up, and the patient succumbed nine 
months after operation ^\lth eMdcnccs of a genenhred tuberculosis 

Cask 7— M P, a woman, aged 21, was rcry well nourished and m excellent 
condition She Iwd been ill with tuberculosis for two scars, and under sanitarium 
regimen had improscd remarkahli All that remamed of an extensne tuberculosis 
was a small thick-walled cavits at the apex of the right lung The remainder 
of the lung fields had cleared up cntirch A thoracoplasty insohing the first to 
the sesenth ribs was done under local and gas anesthesia in one stage The pleura 
was ver\ thin, and the lung could be seen mosing to and fro beneath it The 
patient’s color was bad at the close of the operation, but the pulse was good for 
tw'ent\-four hours Tspicai paradoxic respiration and mediastinal flutter developed, 
and she died torts -eight hours after operation I feel now' that sshen it ssas seen 
boss thin the pleura ssas, shorter segments of rib should base been remoseci and 
only' three or four ribs done instead of ses’cn 



Fig 7 — Photograph of patient svhosc roentgenograms are shosvn in figure 4 
Note the lack ot dcfornntv and the type of healing 

Cask 8 — \\ F, a man, aged 25, had tuberculosis for tw'o years He ss’as svell 
nourished and apparcntlv a good risk Roentgenograms shosved many small cavi- 
ties throughout the upper part of the left lung ssnth fibrosis and a much thickened 
pleura The right lung svas clear Follosvmg a first stage thoracoplasts on the 
lower fis'e ribs, the patient had a stormy cons'alescence svith distention, s'omiting 
and an acute dilatation of the stomach The second stage svas delaved unusuallv 
long, and a phrenicotomy ssas done in the interval For the first four days fol- 
lowing the second stage he did svell, then the pulse became sveak, irregular and 
rapid, respiration labored and shallosv, and he died on the fifth day The cause 
of death ssas not ascertained 

Cask 9 — S N , a svoman, aged 34, ss'as svell nourished and a good risk She 
had been ill svith tuberculosis for tsvo years Roentgenograms shosved much cavi- 
tation in the upper part of the left lung and a very thick pleura There svas a 
fibrosed area of healed tuberculosis m the upper part of the right lung Follosvmg 
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a first stage thoracoplasty in which the lower five ribs were resected, a severe 
streptococcic infection ot the \\ound de\ eloped The wound was opened wideh 
and irrigated with a surgical solution of clonnated soda (Dakin’s solution), and 
a transfusion given The patient improved, and a second transfusion was g,ien 
two weeks after operation Ten minutes after this was given, she died suddenh 
The blood had been cross-agglutinated and was from the donor for her first 
transfusion Autopsy failed to re\eal a pulmonary embolism, and death seemed 
due to the transtusion as no other cause could be found 

SUMMARY 

In a senes of nine fatal cases, death was due to the opeiation in 
thiee, and in six it occtnied some tune alteiwaid Of the six patients 
who sunned the opeiation and died later, two w^ere extiemeh despeiate 
iisks and probabl} should ne\ei hate been subjected to opeiation, tw^o 
died of geneialized tubeiculosis and two died fioin extension of the 
disease to the good lung Of the thiee whose deaths ma} be attiibuted 
to opeiation, one died of mediastinal fluttei one fiom tiansfusion and 
infected w^ound, and one of undetei mined causes 



ACTINOMYCOSIS OF THE ABDOMEN' 


LOUIS P GOOD, .YD 
rdlow in Siirgerj, the Ma\o Foundation 

KOCHFSTfR, MINN 

Actinonncosis is a chionic disease caused b\ the fungus Aclinoinyces 
bovis It IS chaiactcnzed b} the foiniation of abscesses, sinuses, granu- 
lation tissue and biawn}, leathen infiltration ot the sunounding tissues 
A positne diagnosis is made b} demonstrating the sulphur gianule or 
by demonstiatmg the actmom}cotic lesion m tissue, micioscopicalh 
The micioscopic pictuic of a t}pical giamile ma} be desciibed as a 
central mass of blanching imcelia, ladiatmg peiiphcialh, and ending, 
usually, m clubs 


T \m.E ] — Stic of Pnmarv Lesion in SnI\-TiOo Cases 


Site 

Cases Per Cent 

Appcndi\ 

4S 

77 5 

Appendix sigmoid 

2 

1 2 

Appendix, dnerticiiliim 

1 

1 0 

Tonsil, nppendix 

1 

I 6 

PeUis, nppcndix 

Gallbladder, appendix 

2 

3 2 

2 

3 2 

Sigmoid 

I 

1 0 

Right groin 

2 

3 2 

Right upper qiiadran. 

2 

1 2 

Abdomiml uall 

I 

1 6 


*■ It the original site is tiucstiomblc, the one listed first is considered the more likeU 


I hare been unable to substantiate oi contiadict the two cmient 
iheoiies of the mode of infection (1) that the organism is earned 
into the tissue b}’^ some foieign mateiial like stiaw' and (2) that the 
organism is aheady present m the mouth and that an injur}, such as 
a stiaw IS likeh to cause, selves to pioride a poital of enti} The 
source of the disease m this senes was erident m only a few cases 
The disease rvas consideied abdominal m trpe w’hen the abdominal wall 
oi the abdominal visccia w'as involved Thnty-six pei cent ot the 
patients w^eie farmers 

The site of the lesion (table 1) m the intestinal tiact was piedomi- 
nantl} the ileocecal region In foity-eight cases (77 5 per cent) the 
lesion was apparentl} primal v in this region, wdieieas m eight other 
cases (13 pei cent) it was questionabh m this legion 

It wmiild seem reasonable to assume that the fungus ma} be caught 
and haiboied at a point of stasis, such as at the ileocecal legion, oi 

Submitted for publication, Nor 25 1929 

A-bndgment of thesis submitted to the FacuJt% of the Graduate School of 
the Unirersity of Minnesota in partial fulfilment of the requirements for the 
degree of Master of Science in Surgerr, June, 1929 



308 


ARCHIVES OF SURGERY 


in a duerticulum, from which it gains entry into the intestinal wall, 
as a result of injuiy to the mucosa Fiequently, there is secondary 
infection which lesults in foimation of an abscess It is piobably at 
this stage that the patient fiist expeiiences symptoms 

In the abdominal type of actinomy^cosis, symptoms may be chionic 
01 acute In the chronic cases, theie aie seldom any symptoms and, in 
many instances, the presence of a mass in the light lower abdominal 
quadiant is the first indication of a lesion Fever, malaise, pain and 
tenderness usually are concomitant with secondaiy bacteiial invasion 
In a high peicentage of cases, this invasion occuis eaily in the course 
of the disease The acute form, theiefoie, is much moie fiequently 
encounteied than the chionic foim The gieat fiequency \Mth which 
the ileocecal legion is involved, togethei with the early secondaiy bac- 
teiial invasion, explains the almost steieotyped group of symptoms which 
IS encounteied at the onset of the illness in the acute foim 

The physician in attendance usually finds signs of acute appendicitis 
and advises opeiation At opeiation, an appendical abscess frequently 
IS found and amply diained The appendix may or may not be lemoved, 
depending on the lesion and the condition of the patient Aftei the 
opeiation, the patient, in a high peicentage of cases, will make an 
appaiently noimal convalescence, the wound will heal, in the case of 
a luptured appendix, in from three to foui weeks Seveial weeks after 
opeiation, the patient begins to feel a little under pai , he may have 
lecurrence of fe^er, accompanied by chilly sensations, with a distinct 
chill at times, he feels weak and looks toxic A legion of tendeiness 
IS noted either in the incision oi at some i emote place such as in the 
flank 01 the right renal legion By this time, an abscess has foiined 
Vvhen this is drained, a sinus develops and dischaiges foi an indefinite 
peiiod Since the nature of the disease is not lecognized, every means 
is utilized to bung about healing and closure of this tioublesome sinus 
In most cases it does close, if only tempoiarily In the meantime the 
fungus, by diiect giowth, progresses along the fascia, peiitoneiim and 
muscle fibers, possibty in the direction of least resistance, leawng m 
Its wake leathery^ and brawny tissue, until, perhaps, some obstacle or 
resistance is reached and another abscess forms Toxic symptoms lecur 
and aie relieved by drainage of the abscess and the formation of a 
sinus In a similai mannei, new abscesses and sinuses form uhile o 
ones way reopen, thioughout the entire course of the disease 
the disease spreads by'^ direct growth, involvement of the abdomina 
viscera and contiguous stiuctures is lathei extensive 

Late in the course of the disease, the blood stream may become 
infected and metastatic abscesses may'^ be found in any part of the lo t 
It IS said that actinomycosis does not spread by way of the hmphatics 
except by direct growth Complications (table 2) usually found are^ 
perinephric, nephne, hepatic, subphrenic and lectal abscesses, 
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Fig 1 — Actinonncotic node in omcntun nicinatowlin and eosin , X 350) 



Fig 2— Actinomj'cotic abscess of the Iner, thrombus of vessel is shown 
(hematoxylin and eosm, X ISO) 
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Tig 3 — Topical actiiiom) cotic lesion Mycelial threads and the indistinct out 
line of the clubs are shown (methjl Molet, X 300) 
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P]g 4 — /\ctinomj cotic lesion, clubs at the periphery of the lesion are s 
(henlatox^lm and eosin, X 550) 
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fistula, infilhation of the psoas muscle, pelvic masses, and extension 
to the hip, groin and abdominal wall The bladdei was involved in 
thiee cases of the series observed, giving rise to dysuria, fiequency 
and burning, and in one case, a vesical fistula had foimed The lung 
IS secondarily involved in 25 per cent of the cases of abdominal 
actinomycosis If the lesion is primaiy in the ileocecal region, the lung 
IS affected in 20 pei cent of the cases, if the lesion is piimary in the 
upper part of the abdomen, the lung is affected in 50 per cent of the cases 
In treatment, it is especially important to instruct the patient to 
observe every piecaution to prevent the spread of the disease, not only 
in his own body but to othei persons 

Probably the greatest hope in the tieatment of patients ivith abdomi- 
nal actinomycosis lies in its early recognition , even then it is arrested 
with difficulty Treatment used at the Mayo Clinic at present may 


Table 2 — Sfructmes Involved Sccondat ily m Sixly-Two Cases 


Structures 

Cases 

Lungs 

15 

Liver 

11 

Right renal 

S 

Pelvis 

4 

Abdominal Mall 

4 

Right psoas 

3 

Groin 

> 

Bladder 

3 

Fecal fistula 


Right hip 

2 

Rectal abscess 

I 

Rectal mass 

1 

Veins (phlebitis) 

1 

Scrotum 

1 

Iliac fossa 

1 

Spine 

1 


be surgical or medical or roentgen lay and ladium may be employed 
A combination of the methods is fiequently used to advantage Surgical 
methods are indicated for incision and drainage of abscesses, curettage 
of sinuses, and for the establishment of permanent diainage In rare 
instances, radical operation has been effective Medical tieatment is 
directed to upbuilding of general health The patient also is given 
massive doses of a saturated solution of potassium iodide, and the dosage 
IS increased to the point of tolerance Chitty has used tincture of iodine 
given in milk with good results Application of roentgen lay and radium 
IS a highly specialized form of treatment, and in the hands of competent 
men has given gratifying results 

Of sixty-two cases of actinomycosis of the abdomen that have been 
studied, twenty-nine patients have died , seven have not improved , six 
have impioved ,' follow-up data could not be obtained concerning twelve, 
and the disease apparently has been arrested in eight 

Table 3 gives the date of onset, the duration of symptoms in 
terms of months both prior to registiation and until death and the 
tieatment recened, in the twenty’^-iiine cases in which death w^as caused 
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by actinoni} cosis The aveiage dmation of symptoms puor to registra- 
tion was fifteen months The aveiage duration of symptoms from 
onset of the disease to death was twenty-one months There ivere two 

Table 3 — Snmviaiy of Ezvcnty-Khne Cases vi Winch Death Occur) cd, 
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pg 
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1 

5/25 

6 

13 

2 

5/24 

6 

22 

3 

3/16 

8 

10 

4 

S/IS 

13 

15 

5 

1/16 

6 

a 

6 

1/17 

12 

12 

7 

1/20 

7 

12 

S 

10/19 

17 

29 

9 

4/19 

24 

26 

10 

12/24 

3 

7 

11 

11/14 

11 

11 

12 

6/09 

3 

SS 

13 

6/17 

3 

? 

14 

11/16 

11 

1 

15 

3/16 

1 

2 

16 

7/18 

12 

19 

17 

3/23 

6 

9 

18 

11/20 

18 

25 

39 

32/19 

23 

25 

20 

2/26 

0 5 

5 

21 

4/17 

11 

24 

22 

5/22 

11 

13 

23 

3/22 

7 

10 

24 

11/22 

11 

24 

25 

12/15 

IS 

19 

26 

/06 

180 

211 

27 

7/21 

6 

7 

28 

5/19 

3 5 

45 

29 

S/22 

5 

21 

erage duration 

IS 3 

21 


Treatment 

Roentgen ra^, radium potassium iodide 
Radium, potassium iodide 
Potassium iodide, neoarsphenamine 
Drainage, roentgen ra>, potassium iodide 
Roentgen ray, radium, potassium iodide 
General measures 
Potassium iodide, roentgen ray 
Potassium iodide, radium 
Radium, roentgen ray, potassium iodide 
Roentgen ray, potassium iodide 
Potassium iodide, general 
Roentgen rai , potassium iodide 
Roentgen ray, radium, potassium iodide 
General 

Roentgen ray, potassium iodide 

General, potassium iodide 

Potassium iodide, copper sulphate 

Roentgen ray, radium, potassium iodide 

Roentgen ray, potassium iodide 

Drainage of appendiN, roentgen ray, potassium 

iodide 

Aspiration, potassium iodide 
Potassium iodide 
Potassium iodide 
Potassium iodide, roentgen ray 
Potassium iodide 
Roentgen ray, potassium iodide 
Potassium iodide 
Potassium iodide 
Potassium iodide 


Table A—Suimaaty of Etght Cases Considcicd Ai rested 
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Treatment 

Sodium iodide intravenously. 

Slum iodide j abdoni' 

R SS 

H’ 

Roentgen my, radium, po 

A. Tf 

cases ot long duration, cases 12 and 26, noted m ta e 

are excluded, the average duration of ^ f„„teen saJ ’ 

tion would he tune months, and from onset 
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26 

30 
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half months The exact date of death could not be ascertained in three 
cases These were excluded in making the computation of average 
duration of symptoms fiom onset to death In nine of the cases (21 to 
29 inclusive, table 4) the disease had extended to the lungs If these 
are excluded, the average duration of symptoms from onset to registra- 
tion IS nine and a half months, and from onset to death, twenty and 
a half months 

There are eight cases m which the disease apparently has been 
arrested (table 4) 

SUMMARY 

The early symptoms of actinomycosis of the abdomen are those 
usually associated with acute appendicitis Later, the disease is charac- 
terized by multiple abscesses and persistent sinuses, about which the 
tissue IS leathery and brawn}- The treatment consists in free drainage, 
the administration of potassium iodide, upbuilding of the general health 
and proper treatment by roentgen ray and radium The course of the 
disease is usually chionic and the ultimate lesult is poor (figs 1 to 4) 



TRAUMA TO THE INTESTINES 

THE IMPORTAKCE OF TFIE LOCAL LOSS OF FLUID IN Till 
PRODUCTION or LOW BLOOD PRESSURE ^ 

ALFRED BLALOCK, III D 

NASHMLLE, TENN 


Of the difteient methods that have been employed in pioducing 
"shock” m experimental animals, probably the most fiequently used has 
been that of trauma to the intestines Mann ^ stated, "The easiest and 
most ceitam method of pioducing shock is by exposure and traumatiza- 
tion of the abdominal viscera This, judging fiom the literature, has 
been the method used b}'' nearly all investigatoi s of shock” Several 
investigatoi s have gone so far as to state that this is the only method 
by which shock can be produced expei imentally However, during the 
past ten years, the method of tiaumatizmg large areas of skeletal 
muscle as described by Cannon and Bayhss - has been used probably 
with equal frequency 

It has been commonly believed by many that “shock,” regardless 
of the method of its production is associated with an accumulation of 


blood in the capacious splanchnic area Wallace, Fiaser and Drum- 
mond,® in many operations on wounded men, did not find such to be 
the condition They stated, "We would, theiefore, state that in the 
course of many hundreds of abdominal operations undertaken upon 
patients in all degrees of traumatic shock we have not found any pri- 
mary splanchnic congestion to exist” When the abdominal contents 
had been exposed to the atmosphere for a prolonged period or when 
an inflammatory pi ocess had become established, they found what they 
considered to be a secondary vascular dilatation Many observers have 
commented on the congestion that occuis in the splanchnic area when 


the intestines ai e irritated Monson and Hooker * found that an is 
lated loop of gut that was wrapped loosely'- in rubber tissue gained m 


* Submitted for publication, March 17, 1930 

* From the Department of Surgery of Vanderbilt University 

1 Mann, F C The Peripheral Origin of Surgical Shock, Bull Johns 
Hopkins Hosp 25 205, 1914 

2 Cannon and Bayhss Note on Muscle Injury m Relation to Shock Repo^ 
of Shock Committee of the British jMedical Research Committee, k acci, 


no 26, pp 19-23 

3 Wallace, Cuthbert , Fraser, John , and Drummond, Hamilton 
tribution of Blood in Traumatic Shock, Lancet 2 727, 1917 

4 Monson, R A , and Hooker, D R The Vascular Tone and the 
tribution of the Blood in Surgical Shock, Am J Plnsiol 37 S6, 291 
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weight in the teimmal stages of shock Mann ^ stated that the factors 
involved in the leaction of the intestines to irritation were the same 
as those involved in any other local inflammatory process, and that they 
did not involve the central neivous system to any greater extent The 
observations of the Shock Committee of the British Medical Research 
Committee® on tiaumatic shock supported the theory that shock is 
produced by histamine or a closely related substance that produces a 
general bodily effect 

The results of work repoited in a pievious communication® indi- 
cate that the low blood pressuie which results after trauma to an 
extremity of the experimental animal is due to the loss of blood into 
the traumatized area These experiments did not include a determina- 
tion of the results that are obtained many hours after mild tiauma, but 
only the effects that aie obtained in the first few hours after rather 
severe trauma No evidence for the action of a histamme-like substance 
was obtained The present study was undei taken m order to try td 
determine whether the low blood pressuie that is produced by trauma to 
the intestines is due to agencies that exert a general bodily effect or 
whether it is due simply to local alterations in the traumatized area 

METHOD 

Dogs were used in all experiments A sufficient amount of sodium barbital 
(0 3 Gm per kilogram of body weight) was given to keep the animal thoroughly 
anesthetized during the experiment The level of the mean blood pressure was 
used as the criterion of the degree of shock This was determined by placing in 
the carotid artery a cannula which was connected to a mercury manometer The 
weight of the animal was determined accurately before the traumatization was 
begun That part of the small intestine that is between Treitz ligament and the 
appendix was delivered through a mi dime abdominal incision Gauze sponges of 
known weight were placed under the intestines in order to collect the fluid that 
escaped from the visceral peritoneum The intestines were traumatized in ten of 
the twelve experiments by pinching them with the fingers In the remaining two 
experiments, the trauma consisted of pulling repeatedly on the mesentery of the 
exposed intestines The trauma was intermittent, the average total duration of 
the trauma in the different experiments being three hours and twenty-five minutes 
When the gauze that was placed beneath the intestines became saturated with 
fluid. It was placed m a container that prevented evaporation and it was replaced 
by dry sponges At the completion of the experiment, the sponges were again 
weighed, and the difference between the weights of the sponges at the beginning 
and at the termination of the traumatization was determined After the decline 
in blood pressure that was desired had been produced, the dog was again weighed, 
and the loss in weight of the entire animal was determined The part of the 
intestinal tract that had been traumatized was removed, after clamps had been 

5 Reports of Shock Committee of the British Medical Research Committee, 
nos 25, 26 and 27 , 1919 Published by His Majesty’s Stationery Office, London 

6 Blalock, Alfred Experimental Shock The Cause of the Low Blood 
Pressure Produced by itluscle Injury, Arch Surg 20 959 (June) 1930 
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placed across its pedicle The weight of this was determined The animals Mere 
not fed on the morning of the day of the experiments, and there were practicallj 
no feces in the small intestine 

In order to obtain an approximate idea of the weight of a similar portion of 
the intestinal tract when no trauma had been instituted, the weight of the intestines 
between Treitz' ligament and the appendix uas determined in eleven dogs These 
animals were anesthetized bj barbital or ether This portion of the intestines ivas 
removed immediately after opening the peritoneal cavity, and the weight was 
determined From these figures and those for the weights of the dogs, the average 
weight of the intestinal tract per kilogram of body weight was determined This 
average figure was multiplied bj' the weight of the dogs that were traumatized iti 
order to gam an approximate idea as to what the intestines weighed before the 
trauma ivas instituted The ai erage iveight of the intestines per kilogram of bod> 



Weight Uogs Im KiEoGKfins 

The weight of the excised intestine in eleven dogs in which no trauma was 
instituted The weight of the intestines in grams is plotted against the weigit 
of the dogs in kilograms 


weight in the control experiments was 30 7 Gm The weights in individua experi 
ments are shown in the chart „ . 

The figure that was chosen as giving roughly the amount of 
that was lost from the circulating blood volume was obtained by a lUn 
difference in the weight of the dog at the beginning and the end o t e 
to the difference betw een the determined weight of the traumatized mtes 
the estimated weight of the nontraumatized intestine of a dog of the same 
The sum of these figures divided by the Aveight of the dog gai e t le pei" 

of the body weight that wms lost Hptermined 

The hemoglobin of blood obtained from the femoral rein was 
before the trauma w as begun and at its termination After t le in es^i^ 
been removed and w eighed, they w^ere placed m salt solution e> w 
m many places, and an attempt was made to wash out all of t e ^ 

contained The amount of ivhole blood that was present in tie w 
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obtained by multiphing the percentage of hemoglobin of the fluid by the total 
amount of* the fluid and dmdmg by the percentage of hemoglobin of the ^^hole 
blood The amount of blood that had been collected by the sponges i\as deter- 
mined in the same ua} 

RESULTS 

The interval that elapsed between the initiation of the trauma and 
the reduction of the blood pressure to the desired lerel -varied in the 
different experiments from three hours and ten minutes to eight hours 
The mean blood pressure at the time that the trauma was discontinued 
^ aried from 26 to 68 mm of mercurj'- Trauma to the intestines resulted 
in a concentration of the blood as revealed by the determinations of 
hemoglobin The a-verage increase in the percentage of hemoglobin in 
all experiments rvas 38 per cent 

The sponges that w ere placed under the intestines in order to collect 
the secretions gained in weight from 125 to 520 Gm in the different 
experiments This difference in weight of the sponges in most instances 
represented about one-half of the difference between the weight of the 
animal at the beginning and that at the termination of the trauma This 
discrepancy is explained in part at least by the fact that part of the fluid 
evaporated from the surface of the intestines and from the sponges 
The difference m the weight of the dog at the beginning and the end of 
the experiment ^ aned in the different experiments from 195 to 690 Gm 
This indicates that fluid lost from the body in the different experiments 
raried approximately from 195 to 690 cc The arerage weight of the 
dogs was 12 18 Kg , and the average loss of fluid from each animal was 
433 cc A small part of this can be accounted for by that lost in the 
expired air This is relatively unimportant, as it was found in control 
experiments that dogs weighing 12 Kg lose onl} about 60 Gm when 
observed for a period corresponding to the arerage duration of the 
experiments in which the intestines W'ere traumatized Precautions were 
observed in all experiments to guard against false values obtained b} 
loss of unne or feces 

The weight of the traumatied intestine was greater than that of the 
estimated w^eight of the intestine before trauma by amounts varying 
from 11 to 233 Gm In view of the fact that the weight of the normal 
intestine had to be computed from figures obtained on dogs other than 
those that were traumatied, the variations are not surpnsing The 
average increase in weight of the intestines as computed was 103 Gm 

It w'as believed that the difference betw een the w eight of the animal 
at the beginning and that at the termination of the trauma plus the 
difference between the weight of the traumatized intestine and its esti- 
mated normal weight would gne an approximate idea as to the com- 
bined losses of fluid from the blood stream and the body tissues This 
loss in the different experiments varied from 206 to 878 Gm and the 
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aveicigc loss was 541 Gm fhc loss in fluid expicsscd iii percentages 
of body weight vaiied in the difieient experiments from 189 to 6 22 
jier centj and the aveiage loss was 4 48 pei cent In ten of the twelve 
experiments, the calculated loss represented moie than 3 pei cent of 
the body weight, and in eight of the twelve experiments, it represented 
moie than 4 per cent Deteiminations of the amount of whole blood 
that was present in the sponges show'ed that the led cells in most 
experiments constituted a i datively small piopoition of the total loss 
It w^as obviously impossible to lecover all of the blood fiom the intes- 
tines, and hence no conclusion could be reached as to the relative parts 
pla}ed by plasma and led cells in the inciease in w^eight 

The results that were obtained in all of the experiments on intes- 
tinal trauma are given m the accompanying table 

As has been stated previously, the intestine that was to be trauma- 
tized was pulled outside the peritoneal cavity through the incision in 
the anterior abdominal w’^all It is interesting that although there w^as 
a copious loss of fluid fiom the intestine that w^as traumatized, there 
was no demonstiable loss of fluid from the organs that weie left in 
the peritoneal cavity Neither did these oigans appeal macroscopicalh' 
to be engorged with blood The w^alls of the gallbladder did not become 
edematous, and they retained their bluish color In all experiments, the 
spleen decreased gieatly m size during the traumatization The weights 
were not determined, but the decrease was estimated at 50 per cent In 
some instances, blood was found in the lumen of the laige intestine at 
the completion of the experiment The amount of this was not deter- 
mined, and it was neglected in determining the fluids that w^'ere lost 
fiom the circulation 

In sereral additional experiments, the eftects of passing a stream of 
compressed air over the exposed intestines were detei mined The loss 
in weight from evaporation w'as rapid The body temperature of the 
animal fell quickly, and usually death resulted before as much fluid 
had been lost as w^as found in the experiments in which the intestines 
w'^eie traumatized 

COMMENT 

Prolonged tiauma to the intestinal tiact resulted in a decline in the 
blood pressuie Similar results were obtained regaidless of whether 
the tiauma consisted of pinching the intestines oi of pulling on the 
mesentery The decline in blood pressuie was almost certainly due to 
a diminution in the circulatory blood volume, as the preponderance of 
evidence at the present time indicates that there is a vasoconstiiction 
at least during the earty stages of the shock There aie several possi- 
bilities as to the manner in Avhich the blood volume was reduced (1) 
hemoirhage outside the body oi into the tissues, (2) loss of plasma 
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from the blood stieam by filtration, with a concentration of the blood, 
and (3) stasis of blood in the traumatized area External hemorrhage 
was measured with moderate accuracy by collecting all of the blood 
that was absorbed by the sponges This constituted a small part of 
the total loss of fluid The blood pressure was determined at infre- 
quent intervals, and small cannulas were used, so that the amount of 
blood that was lost in the “washings” amounted to only a few cubic 
centimeters Theie was a gieat loss of fluid from the blood stream by 
filtration, as determined by the increase in the weight of the sponges 
and by the difference in the weight of the animal at the beginning and 
the end of the experiment The marked increase in the concentration 
of the blood in most experiments indicated a tremendous loss of plasma 
Determinations of the hemoglobin indicated the minimum loss of blood 
through filtration of the plasma, as any local retention of the red cells 
would decrease the percentage of hemoglobin of the blood from the 
femoral vein In seveial of the experiments, the large losses of fluid 
and the relatively small increase in the hemoglobin indicated that stasis 
was playing a detectable role in the diminution in the circulating blood 
volume That there was stasis in the traumatized area is indicated by 
its weight being greater than that of the estimated normal This obser- 
vation is confirmatory of those of Morison and Hooker,^ who showed 
that an exposed and isolated loop of the intestine inci eased in weight 


in the terminal stages of shock 

Gasser, Erlanger and Meek’ detei mined the protein content of the 
plasma of the blood after clamping the aoita They found that the 
protein content of the plasma underwent no marked change during the 
process of the concentration of the blood and believed that the plasma 
was lost mainly as a whole In uncomplicated hemorrhage in small 
amounts, there is a passage of fluid from the tissue spaces into the 
blood stream Starling ® explained this as being due to reduction o 
the blood pressure in the capillaries, so that the filtration pressure 
within them no longer effects the greater osmotic pressure of the plasma 
as compared with the lymph, and water passes into the blood stream 
There is doubt whether or not water passes into the blood 
a low blood pressure is produced by trauma Cannon'’ state , 
one of the unexplained features of shock that with a low 
arterial pressures this process does not occur Instead, the 
a whole makes its escape through the vessel walls The m 
escaped from the intestines m the present study was not ana yze 


7 Gasser, H S , Erlanger, Joseph , and Meek, W J If Gum 

Traumatic Shock IV The Blood Volume Changes and the n-ne 
Acacia on Their Development, Am J Physiol 50 31, 1919 jpOP 

8 Starling Fluids of the Body, Chicago, W T Keener ' o® 

9 Cannon Traumatic Shock, New York, D Appleton & omp 
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will foim the subject of futuie stud} In of previous vork, it 
seems most likely that the plasma made its escape as a vhole Possibly 
at the same time that plasma was being lost from the blood stream in 
the injured area, fluid was passing from the tissue spaces into the 
blood stream in the uninjured parts of the bod) This exchange can- 
not continue indefinitely, since the available fluids in the body tissues 
are soon consumed If the fluids that were lost from the surface of 
the visceral peritoneum in the present expenments consisted in the 
mam of plasma, it is evident that there must have been a tremendous 
reduction in the circulating volume of blood In a large series of dogs, 
Gasser, Erlanger and Meek " found the avei age blood volume to be 
9 7 per cent of the body v eight They estimated that the plasma con- 
stitutes 60 per cent of the volume of the blood The calculated average 
loss in weight m the experiments with intestinal trauma was 4 48 per 
cent of the body weight If it is assumed for the moment that all of 
the fluid that was lost w'as plasma and that it was not replaced by 
fluid from the tissues, it is to be seen that 77 per cent of the total 
plasma was lost This is probably impossible, for in such a high con- 
centration the red blood cells most likely wmuld not circulate It is 
likely, how^evei, that the loss of plasma w'as sufficient to cause so much 
concentration of the blood that the internal friction of the corpuscles 
against the walls of the blood vessels w'as greatly increased Concern- 
ing the effects of concentration of the blood, Cohnheim stated, “The 
concentration of the blood due to w ater inanition is evidently too slight 
to affect the heait and vessels to any considerable extent As regards 
the withdrawal of water by artificially increasing the diffusion into the 
abdominal cavity, we know only that it may prove fatal to rabbits, but 
are ignorant of the effects of this condition wdien prolonged ” He 
believed the effects of the concentration to be first and chiefly an 
enormous increase of the frictional resistance in the capillaries 
Trevan found that the internal friction rises rapidly when the concen- 
tration of the corpuscles is increasing The stagnation of the blood that 
is caused by the concentration is accentuated by the decrease in arterial 
piessure that results from the loss of fluid from the blood stream 

It has been show n by Blalock and Harrison that normal dogs 
usually reach a state of severe shock after blood amounting to from 
3 to 4 per cent of the body weight has been removed A comparison 
of the deleterious effects of the removal of equal amounts of wdiole 

10 Cohnheim Lectures m Pathology, London, The New S^denham Societj, 
^ol 1, p 465, 1889 

11 Trevan Biochem J 12 60, 1918 

12 Blalock, A , and Harrison, T R The Regulation of the Circulation V 
The Effect of Anemia and Hemorrhage on the Cardiac Output of Doe's Am T 
Phjsiol 80 157, 1927 
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blood and of plasma has not been satisfactonly determined Kallius” 
stated that the serum and not the red blood cells plays the more impor- 
tant role m the replacement of an acute loss of blood Abel, Rown- 
tiee and Turner found that it was possible to withdraw by repeated 
bleedings in a single day a volume of blood moie than twice that con- 
tained m the body, with no appaient injury to the animal, if only the 
corpuscles suspended m Locke’s solution were retuined after each 
bleeding In the piesent experiments on intestinal trauma, there was 
no replacement of the fluid that was lost It seems likely that the loss 
of plasma from the blood stream amounting to 4 per cent of the body 
w'eight would produce an eftect approximately as grave as the loss of 
the same amount of whole blood It has been stated that the calculated 
loss of fluid in eight of the twelve experiments amounted to moie 
than 4 per cent of the body weight In these experiments, it is believed 
that the alterations in the traumatized aiea alone were sufficient to 
account for the reduction m the blood piessure The loss of fluid 
fiom and the accumulation of blood in the tiaumatized area result in 
a reduction in the blood piessuie Opeiating to sustain this decrease 
in pressure are the increase in the viscosity of the blood, the elevation 
of the internal fiiction of the corpuscles against the walls of the ves- 
sels, the deciease in the amount of blood that returns to the heart 
and the decrease m the caidiac output Eilanger, Gesell and Gasser “ 
believed that the loss of fluid into and through the tissues of the bowel 
and the sequestiation of blood in the intestinal capillaries and venules 
suggested a mechanism tin ough which a i eduction in blood volume might 
occur Excision of the stomach, spleen and intestines led them to believe 
that this was not the entiie mechanism They stated, "But if this is 
the mechanism, the fact that aftei excision of the stomach, intestines, 
and spleen the aiteiial piessure falls almost exactly in the same 
as after exposure of and manipulation of the intestines, and the fact 
that the changes m periphei al i esistance ai e also alike, necessitate assum 
mg that blood is thus i emoved f i om cii dilation, not alone in the parts 
of the bod)^ diiectl)’’ tiaumatized, but elsewheie also In the tirec 

experiments that the} pei formed, the animals weie anesthetized bj etien 

and death followed the i emoval of the stomach, intestines and spl^|^ 
periods of time ranging from four and one half to seven hours 
experiments do not piove that the decline in blood pressure fo ou 


13 Kallius, H W Expenmentell Untersuchungen uber 
Serums bei der vitalen Bluttransfusion, Deutsche Ztschr f Chir - 

14 Abel , Rowntree and Turner Plasma Removal with Betu'"” ^ orpus 
(Plasmaphaeresis), J Pharmacol 5L Exper Therap 5 625, 191 - 

15 Erlanger, Joseph , Gesell, Robert , and Gasser, H S \m 

Traumatic Shock I The Circulation m Shock after Abdominal 1 J 
J Physiol 49-90, 1919 
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traumatization of the intestines is due to factois other than the loss 
of fluid from and the accumulation of blood m the injured area The 
removal of the stomach, intestines and spleen is necessarily associated 
with the removal of a considerable part of the total volume of blood 
Although this is not followed in their experiments by an immediate 
decline in blood pressure, it almost certainly renders the animal moie 
liable to a drop m pressure during prolonged ether anesthesia They 
do not state whether or not the peritoneum was closed If the peri- 
toneum was left exposed to air, undoubtedly theie was a considerable 
loss of fluid from it Even if the incision was closed, there was prob- 
ably a moderate amount of loss of fluid from the injured peritoneum 
No mention is made as to the presence or absence of fluid in the peri- 
toneal cavity at the time of death 

In two of the twelve experiments, the calculated loss of fluid from 
the blood stream amounted to less than 3 per cent of the body weight 
In one of these, the mean blood pressuie was still rather high (65 mm 
of mercury) at the time the experiment was terminated The cause for 
the decline m pressure was undertermined It seems unlikely that it 
was due entirely to the loss of fluid from the traumatized area It is 
possible that it was due m these two exceptional experiments to the 
barbital, for it has been found in a large senes of experiments that 
the giving of barbital without producing trauma is occasionally asso- 
ciated with a slow decline in the blood pressure 

The amount of fluid loss that can be tolerated without producing a 
marked decline in the blood pressure is probably influenced by several 
factors In the experiments in which a stream of cool air was blown 
over the intestines, the temperature of the animal fell rapidly Death 
was caused more quickly and with less loss of fluid than m the experi- 
ments in which the intestines weie traumatized Barbital seems to 
render the heat regulating mechanism of the body unstable, and possibly 
this was partially responsible for the difference 

Gasser, Erlanger and Meek'^ studied shock produced by the injec- 
tion of large doses of epinephrine hydrochloride, by occlusion of the 
aorta or vena cava and by exposure and manipulation of the intestines 
As regards the effects of these piocedures on the spleen, they stated, 
“The spleen is usually swollen and has dark raised areas which consist 
of hemorrhages into the pulp This swelling and hemorrhage in some 
cases produce a spleen many times the normal size ” These experi- 
ments were performed on dogs Moore produced shock in various 
ways in cats and determined the size of the spleen Ten experiments 
were performed In six of these, shock vas produced by crushing of 

16 Moore, R M The Volume of the Spleen in Traumatic Shock, Am T 
Physiol 89 508. 1929 
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the thigh muscles and the testicles, in thiee, the peritoneum was opened 
and the cavit) as inflated with air for two hours at a pressure equal 
to 40 cc of watei, and in the leinaining experiment, the animal i\as 
cooled After a low blood pressme had been produced by each of these 
procedures, the size of the spleen was found to be reduced In regard 
to the condition of the splanchnic blood vessels m shock, he stated, “The 
close relationship winch exists between the state of contraction of the 
spleen and that of the splanchnic vessels in general seems to justify the 
conclusion that in the experiments reported the splanchnic vasocon- 
strictor mechanism was operating powerfully and efficiently at a time 
when the blood pressure w^as below^ the critical level " Moore made the 
reservation that exposure or manipulation of the abdominal viscera 
leads to local congestion This, he believed, is a local response to the 
trauma and is not due to a paralysis of the vasoconstrictor center The 
size of the spleen wms observed at the beginning and at the termination 
of the present experiments on dogs In all instances there w^as a tre- 
mendous decrease as a result of the trauma Apparently, the vessels 
of the traumatized intestine w'ere dilated and those of the spleen ivere 
constricted A vasoconstriction probably existed in that part of the 
intestinal tract that w as not traumatized, as no engorgement with blood 
was apparent and there w^as no detectable w^eeping from the peritoneal 
surfaces 

It wms found by Biadburn and Blalock^" that histamine, wdien 
injected in sufficient amounts to produce a sustained decrease in the 
blood pressure, caused eclema of the wmll of the gallbladder In the 
present experimei^ts, the gallbladder appeared entirely normal, indicat- 
ing that histamine w^as not liberated in sufficient amounts from tlie 
traumatized aiea to account for the decline in pressure 

StlJIMARY 

The eflrects of trauma to the intestines have been studied m t.vehe 
dogs The loss of fluid from the body and into the traumatized area 
of the intestines has been determined This loss in eight of the 
experiments amounted to more than 4 per cent of the body 
The average loss in all experiments was 4 48 per cent of the o 
weight Red blood cells constituted only a small part of the ui 
escaped from the peiitoneum covering the intestines Reasons are gn^^^ 
for the belief that the loss of fluids from and into the traumatize 
was the chief if not the sole cause for the reduction in tie 
pressure 

17 Bradburn, H B and Blalock, A Unpublished Observations on t 
Effects of Histamine on the Gall Bladder, 1929 
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CONGENITAL DEFORMITIES 

Congenital Clubfoot — Brockman,^ in the Robert Jones prize essa}, 
advocated the correction of rigid and relapsed types of clubfoot by an open 
operation, based on the conception that the deformity was due primarily 
to a congenital atresia of the socket for the head of the astragalus The 
operation aimed at making this socket sufficiently large for the head of 
the astragalus to be leplaced m its normal position, and in addition the 
muscles, which controlled the variations in the capacity of the socket, 
were lengthened Under an Esmarch bandage an incision was made 
on the outer side of the foot ov er the os calcis Through this the plantar 
muscles and fascia were detached as far backward and inward as pos- 
sible A second incision was made on the inner side of the foot, and the 
remaining attachments of these muscles v\ere completely freed from 
their origin The origins of the abductor hallucis from the sheaths of 
the tendons and the vessels passing into tlie sole of the foot were dis- 

*This Report of Progress is based on a renew of 206 articles selected from 
469 titles dealing with orthopedic surgery appearing in the medical literature 
between Ala}-^ 1, 1930, and Sept 15, 1930 Only those papers that seem to repre- 
sent progress have been selected for renew 

1 Brockman, E P Congenital Club-Foot (Talipes Equinovarus), Bristol, 
John AVright & Sons, 1930 
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sected off The tendon of the tibialis posticus was then identified It 
this pi events the calcaneoscaiDlioid joint fioin being identified, it should 
be detached fiom the tubeicle of the scaphoid and, if necessary, its 
accessoiy attachments going to the othei bones of the tarsus divided 
The next step was to dissect the structures off the inferior surface ot 
the taisal bones until the whole of the infenoi and internal surfaces of 
the scaphoid and the inner aspect of the sustentaculum tali were exposed 
All the ligaments on the inner and infeiior aspects of the calcaneo- 
scaphoid joint weie then dnided It was then possible to restoie the 
foiefoot to Its noimal position in lelation to the astiagalus The foot 
was not put up in full collection, owing to possible interference with 
the cii dilation At the end of fomteen days, under another anesthetic, 
full collection was obtained by foicible manipulation and the tendo 
achillis elongated, if a tine equinus was present After from six to 
eight weeks in plastei oi dinar)'- boots iveie supplied, a clubfoot shoe 
oideied to be woin at night, and reeducation of the evei tor muscles was 
commenced The authoi did not favoi operating on patients under the 
age of 3, because of the laige amount of fat and the smallness of the 
structures in the sole 

[Ed Note — We do not feel that the wdiole deformity of clubfoot 
can be so easily described Any one who has studied Hoke’s collection 
of astragali must have been impressed by the extieme and varied types 
of deformities they presented, paiticularly in lespect to the head and 
neck These must be taken into account in the coirection of clubfoot 
defoimity Except that the author lecommends a second incision along 
the outer border of the os calcis, we see little fundamental difference 
between this opeiation and that of Ober- We piefer gentle manipula- 
tive methods of correction undei the age of 3 or 4 years ] 

Congenital Dislocation of the Hip — ^Jaeger® made a plea for earl\^ 
recognition of congenital dislocation of the hip and described ns 
method of treating the condition when discovered in infancy ^ ^ 
employed a hip splint of rustless steel which was fastened to the pe ''S 
and chest by ciicular bands and to the foot and ankle by a 
and foot piece Lateral compression of the head into the aceta u u ^ 
was obtained by an adjustable pad fastened to the sphnt an 
directly over the trochanter By gradually abducting the tug ^ 
head of the femur was gently pressed into the acetabulum is 
was worn continuously for from four to eight months 

Beck^ reported the late lesults of 107 cases of old 
location of the hip in Biei’s suigical clinic in Berlin In all cases r 

2 Ober, F B An Operation for Congenital Equinovarus Dciorm 
Preliminary Report, J A jM A 65 621 (Aug 14) 1915 

3 Jaeger, C H Surg Gynec Obst 50 757 (April) 19 

4 Beck, Heinz Zentralbl f Chir 56 2582, 1930 
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tion was done at oi aftei the sixth yeai The method was the typical 
1 eduction ovei the upper nm of the acetabulum after pievious traction 
with wire on the lowei end of the femur in oidei to bung the head down 
to the height of the acetabulum The fixation in plaster cast was cairied 
out for from thiee to six months, but not longei because of the dangei 
of permanent fixation Aftei the ninth year the reduction did not suc- 
ceed, except by seieral forced manipulations under ether On the 
whole, the results had not been veiy good , even when the primary result 
was satisfactory, the end-result was not completely successful on account 
of the insufficient formation of the acetabular shelf In ten cases a 
fiactuie lesulted, in eight cases a solid ankylosis and in eight cases 
ledislocation At the age of from 12 to 15 years typical symptoms 
appeared in many cases of successful i eduction caused by the secondary 
deformations of the head 

Syndactyhsm — Davis and German'^ studied the cases of fifty 
patients with syndactylism treated at the Johns Hopkins Hospital 
Eighteen per cent of the patients gave a family history of syndactyhsm 
They were tieated by skin flaps, whole thickness skin grafts and occa- 
sional plastic opeiations on the bones of the fingers The authois 
advised against extensive plastic operations at an early age, they said 
that only that which was necessary to prevent disturbance in growth 
and increasing deformity in infancy, should be done and that the opera- 
tive proceduies should be completed at the age of 6 or 7 

Bifid Os Calas — Sever® reported three cases of bifid os calcis in 
infants He was unable to find any reference to this in the literature 
The condition was bilateral and might be mistaken for fracture The 
defect usually disappeared at or before the age of 3 yeais 

Expo imeiits on Embiyo — ^Debiunnei ‘ did expeiiments on the 
embryos of dogs and labbits during intra-utenne life These experi- 
ments showed that fetal tissue had very slight resistance against 
mechanical insults Even a loose constriction of a leg with a thin silk 
stiand led to a defoimity lesembhng amniotic amputation On the other 
hand, embryonic tissue had a marked power of regeneration, as an 
osteotomy of a long bone healed within four days Parts of the 
extremities amputated by constriction were never found after birth 
showing the maiked resoiptive power of the intra-utenne fluid 

METABOLIC DISTURBANCES OE BONE 

Osteihs Fihosa — In most cases Eliason and Noith® legarded 
tiauma as the cause of osteitis fibrosa They^ were inclined to belittle 

5 Dans, J S, and German, W I Sjndactjhsni (Coherence of Fingers or 
Toes), Arch Surg 21 32 (JuK) 1930 

6 Sever, J W Surg G>nec Obst 50 1012 (June) 1930 

7 Debriinner, H \rch f Orthop 28 25, 1930 

8 Elnson, E L , and North, J P Ann Surg 91 833 (June) 1930 
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the infectious tlieoiy advocated by Phemister The common locations, 
for the lesion wei e pointed out as the greatei tuberosit} of the humerus 
lower end of the ladius, one oi the othei end of the tibia and the iemui 
near the gieatei tiochantei These they stated were legions frequenth 
exposed to trauma For treatment they favoied a combination of the 
roentgen lays and suigical intervention, realizing that pi obliged loent- 
gen treatment might damage the adjacent growing epiphysis, and that 
recurrences might follow opeiative tieatment alone It was essential to 
observe such patients oier a peiiod of several ^-ears after any form of 
treatment 


Osteomalacia — Gaigill and his associates® leported metabolic 
studies in a case of osteomalacia occurring in an American woman, 
aged 38 The patient was first placed on a diet low in calcium and 
vitamins, on -which a normal peison gave a negative calcimn balance of 
6 7 mg On this diet the patient gave a negative calcium balance of 
45 mg She wms given 50 cc of a physiologically tested brand of cod 
liver oil and 200 Gm of powdered skimmed milk, but no improvement 
was noted Oscodol tablets (concentrated cod liver oil) w^ere then 
added, and slight improvement occurred The addition of treatment 
with ultraviolet light still further improved the condition With the 
addition of laige amounts of calcium in the foim of calcium lactate, 
phosphorus in the form ot disodium acid phosphate and a diet rich in 
vitamins, improvement was obseived The pain over the ribs and back, 
which had been the chief symptom, -wholly disappeared, and piogressive 
recalcification was obseived in the roentgenogiams The authors 
reviewed the literature In this case they felt that they -weie dealing 
with a foim of adult rickets without any evidence of an endocrine 
disturbance 

Compere^® noted the frequent association of osteomalacia and allied 
disorders with h}peiparathyroidism A case of osteomalacia uas 
reported in which marked impiovement occurred after removal of a 
parathyroid tumor Eleven additional cases were reported from t e 
literature In eight of these theie weie tumors of one of the para 
thyroid glands demonstrated at operation In five of these there vas 
symptomatic improvement and increased deposit of calcium a 

removal of the tumors , „ 

Renal Rickets — Schoenthal and Bui pee “ reported in detai a 

of renal rickets in a child of 8 years, and gave the complete meta 
studies earned out ovei a period of five years According to the au 

9 Gargill, S L , Gilhgan, D R , and Blumgart, H L 879 

Treatment of Osteomalacia Its Relation to Rickets, Arch n 
(June) 1930 

10 Compere, E L Surg Gynec Obst 50 783, 1930 ^ 5 j 7 

11 Schoenthal, L, and Burpee, C Renal Rickets, Am J *- 
(March) 1930 
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two types of lenal rickets might be distinguished (1) that due to 
congenital malformation of the kidney or urinaiy tiact, and (2) 
another type due to chronic renal insufficiency, chronic interstitial 
nephritis becoming manifest in later childhood The renal insufficiency 
led to an acidosis which was supposed to cause mobilization of calcium 
fiom the bone resulting in decalcification 

Zanoli reported two observations of his own, and collected from 
the literature thirty-two more cases of what he was pleased to call renal 
pseudoiickets The syndrome consisted of a renal lesion, skeletal 
deformities, especially genu valgum, and retardation of development of 
the body In studying the cases, he found that in the majority the 
letardation of development began eithei at birth oi in early infanc} 
The appeal ance of skeletal deformities was variable Rarely it occurred 
in the first oi second year of life, moie often at 4 or 5 years, sometimes 
at 7 or 8 years and not infiequently at from 12 to 15 years It occurred 
more commonly in boj'^s than in giils Skeletal defoimities constituted 
one of the cardinal symptoms, being present in 67 per cent, and the most 
common deformity was genu valgum, often bilateral In the gieat 
majority of cases, the renal condition was chionic interstitial nephritis 
The retardation of development in statuie was such that the child was 
fiom two to nine years behind other children of the same age, with an 
average of three or four years Correction of deformities should be 
undertaken with care, as the children are poor operative risks 

[Ed Note — The teim renal pseudorachitism seems to us a more 
suitable name than renal rickets or the teim recently suggested m an 
editorial of the Journal of the Ametican Medical Association'^^ “renal 
infantilism ” Fortunately, the condition hardly seems common enough 
in this counti)’- to cause much concern over the nomenclatuie ] 

GROWTH DISTURBANCES OF BONE 

Effect of Roentgen Radiation — Desjardins leported a case of 
small round cell sarcoma of the humerus in a child in which roentgen 
tieatment was followed by an inhibition in the growth of the right 
humerus and feeble development of the muscles about the light shoulder 
The patient vas followed up for a period of four and a half years A 
continued repair of the humerus was noted, but the muscle and bone 
lemained much smaller than the corresponding parts of the opposite 
side The author reviewed the literatuie on letardation of growth by 
the roentgen ravs 

12 Zanoli, R Chir d org di moMmento 14 539 (March) 1930 

13 Renal Rickets— An Undesirable Designation’ Editorial, JAM A 95 116 
(Tub 12) 1930 

14 Desjardins A U Radiolog\ 14 296, 1930 



330 


ARCHIVES OF SURGER] 


ANATOIVIIC STUDIES BACK AND FOOT STRAIN 

Pam in the Lozucr Part of the Back — Biackett^^ divided deraiif^e- 
ments of the lower pait of the back into cases with iiomial anatomic 
stiucture and those with anatomic malformations In cases with normal 
anatomic stinctnie, lest and fixation during convalescence were all that 
was lequiied in the way of tieatment In cases with structural abnoi- 
maht}, the physician had to deteimme to what extent the abnormality 
inteiieied with the functional mtegiity of the lumbosacral and sacio- 
iliac joint, and the tieatment had to be modified accordingly The 
author felt that saciahzation of the fifth lumbar vertebra played ven 
little pait m derangements of the lower part of the back A horizontally 
placed sacrum and iiiegular lumbosacral ai ticulations were potential 
factois m back strain, paiticulai ly because of the stiain they produced 
on the sacio-iliac joints 

Riches made a stud) of the end-iesults in 75 of 113 patients with 
pain in the lowei pait of the back, who had been treated by mobilization 
ot the back undei geneial anesthesia He found the following results 



Number 

Number Improied 

Per Cent 

Chronic back strain 

30 

26 

87 

Sacro-ihac strain 

25 

23 

92 

Lumbosacral strain 

3 

1 

33 

Spinal arthritis 

13 

6 

46 

Neurotic spine 

4 

0 

0 


No patient was classified as improved unless he had returned to 
woik and did not suffei moie than occasional pain in the back after oier- 
exertion After-tieatment, wuth exeicises with the intention of main- 
taining the mobility pioduced while under anesthesia, was essential 
The manipulation sometimes needed lepeating twuce or even thiee times 
Cases with a tiaumatic histoiy gave better results (97 per cent improied) 
than those with an insidious, nontiaumatic onset Sixty-eight per cent 
of the cases classified as strain (chronic pain m the back, sacro-ihac or 
lumbosacral) weie traumatic in origin Roentgenograms m the cases o 
strain were negative, except for anatomic anomalies which appeare to 
be of no consequence Steieoscopic loentgenogiams in cases of spina 
arthiitis showed lipping of the bodies and of the articular processes 
sometimes In cases designated “chronic back strain” the lesion 
over a wide aiea, being usually a strain of the erector spmae 
of ligaments underlying the muscles, diagnosed clinically by ten 
over the erector spmae, spasm of the muscles and limitation o 
flexion of the spine toward the opposite side In cases 
“saciO'iliac stiam” the history was a sudden unguarded 
giying use to sharp pain lefeiied to one or the other sacro i lac 


15 Brackett EG J Bone & Joint Surg 12 325, 1930 

16 Riches, E W Lancet 1 957 (Jlay 3) 1930 
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This was followed by a sense of insecmity On examination theie was 
tenderness localized to the posterioi superioi spine or just below 
Straight knee hip flexion caused pain to be felt in the sacio-ihac joint 
In cases designated “lumbosacial stiain,” the tenderness was localized 
accurately ter the lumbosacral junction in the midline or just to eithei 
side of It Flexion of the spine was fiee and painless, but hypei exten- 
sion was painful In cases designated “spinal aithiitis” all movements 
of the lumbar spine were limited by musculai spasm 

Riches concluded I In chiomc back strain and sacro-iliac stiain 
manipulation was successful in 90 pei cent of the cases, and when theie 
was evidence of a definite exciting tiaiima, success might be anticipated 
111 almost all cases 2 Cases of lumbosacial stiain weie not pei- 
manently impioved bj’^ manipulation 3 Impiovement in 50 pei cent 
of cases of spinal aithritis might be expected 4 Cases of nemotic 
spine did not lespond to manipulation 5 Efficient aftei-tieatment was 
necessaiy 

[Ed Note — It is to be legietted that Riches did not have a contiol 
gioup of patients which was given “efficient af ter-ti eatment” without the 
manipulation We question whether he would not have found a high 
peicentage of cures by this method alone ] 

Anxihaiy Oigans of the Spine — Schanz’-' pointed out the impor- 
tance of the aorta and the abdominal organs as auxihaiy oigans for the 
support of the spine The aoita was filled with a lather thickish fluid 
under the marked piessure of 150 mm of meicuiy Thus it lepiesented 
a column which supports the spinal column on the left side Perhaps 
this was one leason why the doisal spine moie often showed a cuive to 
the light side than to the left The intestinal oigans, filled to some 
extent with air and suppoited by the abdominal muscles, suppoited the 
spine 111 heavy lifting by their pneumatic poweis 

[Ed Note — Schanz’ theoiy is inteiestmg The influence of such 
mechanical factois as the one mentioned is too little consideied by 
oithopedists ] 

Communications Bctzucen Knee and Tibwfibiilai Joints — Weeks 
made twelve dissections of knees and found that the tibiofibulai and 
knee joints communicated in about 15 pei cent of cases The authoi was 
led to this b} tw'O cases of acute suppurative aithiitis ot the knee follow'- 
ing lesection of the uppei end of the fibula foi painful and infected 
amputation stumps He felt that this obseiiation supplied the 
explanation 

Development of the Bone — ZweibeH'’ desciibed an elaborate piocess 
of depigmentation and staining of an einbijo A fetus of fiom 10 to 12 

17 Schanz, A Arch f klin Chir 159 624 1930 

IS Weeks, C Am J Surg 8 79S 1930 

19 Zwoibel L Am J Surg 8 517, 1930 
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weeks lequiied about tliiee months, and the time was piogressnely 
Jongei with inciease in the age of the fetus In the completed specimen 
the entire bony skeletal system was visible, and cartilage could be dilfei- 
entiated fiom bone, the bone taking on a red opaque color and the 
caitilage a brownish, tianslucent, hyaline-like appearance The bones 
ot the skull especially were brought out distinctly The ossification 
centers weie easily tiaced and studied, and a truei conception of the 
gross diffeiences between cai tilaginous and membianous bones was had 
fiom these stained specimens than could be obtained from the finest 
1 oentgenograms 


The basis foi de^elopment of the two types of bony tissue was 
embr3onic connectne tissue In one type of development cartilage 
preceded the bone, and in the other membrane foimation preceded the 
bone In mtramembianous ossification the calcium salts were deposited 
111 the 01 dinar}'’ embiyonic connective tissue In intracartilaginous ossi- 
fication, hyaline cartilage first developed m the same geneial shape as 
the future bone and the calcium salts weie aftei wards deposited within 
the mass of the caitilage The membrane bones, for example, man)' of 
the flat bones of the skull and face, were ossified by bundles of connec- 
tne tissue fibers becoming iinpiegnated with calcium salts These 
calcified bundles weie calcification centers These bundles were clearly 


demonstiated, especially in the youngei of the stained specimens In 
each of these aieas, the cells increased in number, the tissue became 
vascular, and some of the cells became moie oval with a distinct nucleus 
and considerable cytoplasm, they then arianged themselves in single, 
fanly legular lows along the bundles of calcified fibers as osteoblasts 
Undei the influence of the osteoblasts, a thin layer of calcium ivas 


deposited between the osteoblasts and the calcified fibers In dns iva} 
true bone was foiined On the inner suiface of newly formed bone, 
osteoclasts caused dissolution, while new bone was being formed ^ ^ 
outer surface, especially under the peiiosteum, wheie the osteobass 
■were numei ous , this caused gi owth and enlargement of the bone 

Intracai tilaginous ossification, phy'siologically, was similar, 
for the fact that it was pei formed by cartilage, shaped similarly 
future bone The center of ossification was usually single m these 
(the steinum was one exception, having several such centers) 
center was in the center of the bone, especially m the long ones,^ 
the osteogenic tissue pushed in both directions toward the en 
caitilage (in long bones toward the epiphysis) 

Summarizing, ossification in cartilage consisted 
stages ( 1 ) multiplication of cartilage cells ( 2 ) ot 

cartilage, ( 3 ) absorption of the calcified cartilage and ( ) 


true bone 
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ANTERIOR POLIOMYELITIS 

Immune Sci urn — Fairbrother =“ claimed to ha\e obtained an anterior 
polioin} elitis serum from the horse after injecting’ emulsions of spinal 
cords of monke} s that had died of poliom} elitis This serum appeared 
to be as potent as human convalescent serum This important experi- 
mental ivork was being continued 

Rise in Tempo atm e Pi eceding Appeal ance of Symptoms in Expei i- 
mental Poliomyelitis — Kramer and his co-workers-’- found a rise in 
temperature of from 2 to 3 degrees in monke 3 "S that had been inoculated 
with poliomyelitis virus, from one to three da) s before the onset of the 
usual recognizable symptoms This rise in temperature was associated 
with changes in the spinal fluid The autliors felt that this rise in 
temperature marked the onset of a stage in the experimentally produced 
disease corresponding to the preparalytic stage in infection in human 
beings 

[Ed Note — Experimental workers m poliomi elitis continue to 
uncover interesting facts in connection with its spiead and mode of 
entrance into the bod) Both of the foregoing papers offer new and 
interesting sidelights on the problem ] 

tuberculosis 

Tiibei culous Aithiitis of the Hip — McMurray found that of 310 
patients with tuberculosis of the hip (the diagnosis being made 
clinically), 26 died while undergoing treatment in the hospital Of 53 
patients who had ceased all treatment for five years or more, 23 had 
bony ankylosis and 30 fibrous ankylosis with a range of movement 
varying between half normal to none A sinus had been present in 
ever)'^ patient who had obtained a bony ank)Iosis, and although in a few 
cases the sinus still discharged, the patient had a painless joint and good 
function Seven of the 30 patients with fibrous ankylosis had had 
osteotomy performed to correct deformity, and m 2 patients a second 
osteotomy had proved necessary Six of the 30 patients with fibrous 
ankylosis made no complaint, and in the five years that had elapsed since 
the cessation of treatment there had not been any tendency toward 
deformity or a recurrence of the arthritis McMurray concluded that 
even in the absence of bony ankylosis, if the hip was kept in a position 
of abduction for a sufficiently long period there was no reason why the 
joint should not become sound, and the patient capable of cariying on 
ei en heavy work He agreed, however, that when there was a tendency 

20 Fairbrother, R W Brit J Exper Path 11 43 (Feb ) 1930 

21 Kramer S D Hendnc, K H , and A> cock, W L T Exper Med 51 
933, 1930 

22 McMiirrai T P Lnerpool Med-Chir J 38 82, 1930 
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to deformity in adduction, arthrodesis of the joint was justifiable “at the 
end of treatment wdien the disease was cuied ” 

The Bone-Giaft Operation for Tnhci culosis of the Spine — Albee^-* 
leported the lesults of twenty years’ expeiience with his bone giaft 
operation on 865 patients with tubeiculosis of the spine In 90 per 
cent of the cases the patients had been able to do haid woik, such as 
heavy lifting and sciubbmg, oi to indulge in iidmg, tennis and swim- 
ming In a few theie weie mild complaints of fatigue after the day’s 
woik or of occasional distiess in the back In the cases classed as 
good, there w^as still some mild reminder of the disease, but theie was 
no notewoithy incapacity In the cases in which the patient w^as as 
stioiig and active as if be had never been ill, the lesult was classified as 
excellent In 69 cases, 8 per cent, the result was classified as fan since 
the patient complained of moderate pain at times oi was not able to do 
more than light w'oik oi to indulge in active exeicises without restiic- 
tions Seventeen patients died, 3 duiing convalescence 

[Ed Note — Albee’s figuies cover a large gioup of patients and 
deserve to be studied caiefully The percentage of fa\oiable results is 
higher than that of many othei careful students who have pievioush 
leported, and the mortality late in latei yeais is much less than one 
w^ould expect to find ] 

PYOGENIC INFECTIONS 

Osteomyelitis of the Spine — Steiiidlei piesented a leport on 

twelve cases of osteomyelitis of the spine, six being acute and si\ 
chiomc The patients wnth acute cases w'^eie all under 17 yeais of age 
The ages of those with chionic cases langed from 19 to 47 yeais In 
the acute cases the lesion occuiied in the veitebial body Staphylococ- 
cus aureus was found in all of the acute cases in which the type of 
oiganism was detei mined The most fiequent sites foi acute osteo- 
inj elitis weie the twelfth dorsal and lumbar veitebiae, and wedge foi- 
ination of the veitebra and kyphosis weie the rule In the chronic cases 
the lesions were more widely scattered The diagnosis in either tjpe 
wms difficult Abscess foiination was common in the acute form These 
abscesses frequently enteied the spinal canal, pioducmg paclij meningitis 
or compression of the coid The piognosis w^as giar e m the acute form, 
in which the mortality w^as 46 per cent ]\Iost of the patients wntli Ac 
chronic form lecoveied, but convalescence was slow Tieatment m 
acute form wms surgical drainage of the abscess caritv In the 
foim, rectimbenc} and lest follow’-ed bv suppoit of the back were 
best treatment 

23 Albee, F H Bone-Graft Operation for Tuberculosis of the Spine, J 
if A 94 1467 (:Mav 10) 1930 

24 Steindler, A T Iowa M Soc 20 246, 1930 
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Use of BactciiopJiage FiUiatcs m the Tieatvient for Siippiaahve 
Conditions — ^Rice-® reported approximately 90 per cent of excellent 
results in 300 patients with suppuratne lesions who were treated with 
bacteriophage filtrates Among these cases were abscesses, carbuncles, 
boils, osteomyelitis, suppurative arthritis, cellulitis and bed-sores The 
bacteriophage filtrate was at first specific for the bacteria involved, but 
later most of the patients were treated with a stock bacteriophage filtrate 
containing staphylococci and B coli bacteriophage The bacteriophage 
was applied either by injection into the abscess cavity or by application 
as a wet dressing The results were least good m osteomyelitis and in 
tuberculous sinuses secondarily infected In these the author felt that 
the bacteriophage came in less close contact with the infection The 
author reviewed the theories of the action of bacteriophage, but felt that 
an adequate explanation of the phenomena had not yet been given 

[Ed Note — The use of bacteriophage has been advocated from time 
to time over a period of five jears or more Reports have varied from 
extreme optimism to total failure Until such reports become more con- 
sistently favorable, we must regard this form of treatment as highly 
experimental ] 

CHROKIC ARTHRITIS 

The Pievention of Defoi unties m Chionic Arthufis — Svvaim and 
Kuhns, in an article on the prevention of deformities m chronic arthri- 
tis, said that deformities occurring in the lower extremities vv’ere 
important because they hindered or prevented walking As they modi- 
fied the patient’s outlook and disturbed his mental well-being, they were 
probably more important than deformities in other parts of the bodv 
Deformities should be anticipated and prev^^entive measures applied early 

When deformit} had dev^eloped, the authors emphasized the impor- 
tance of gentleness in the procedure undertaken to correct it Correc- 
tion could be attempted by phjrsical therapv’- and exercises during the 
day and plaster splints worn at night These splints were made with 
the limb in as nearly a correct position as possible without discomfort 
The plaster splints could be changed at frequent interv*als as more cor- 
rection was obtained Rapid correction or manipulation under anes- 
thesia while the disease was active led only to disaster 

Bacteuologic Studies — Margohs and Dorsey studied the bacte- 
riology of the epiphjseal marrow and of the joint structures m twent}- 
five cases of chronic infectious arthritis and in forty control cases 
Fifteen specimens of epiphyseal marrow gave positive cultures in seven 

25 Rice, T B Am J Sc 179 345, 1930 

26 Svaim, L T , and Kuhns, J G Prevention of Deformities in Chronic 
Arthritis Lower Extremitj, JAMA 94 1/43 (May 31) 1930 

27 Margohs, H M, and Dorsej, A H E Chronic Arthritis Bactenologi 
of the Affected Tissues, Arch Int Med 46 121 (Jub) 1930 
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All the synovial fluids were sterile The organisms ieco\ered in the 
control cases were looked on as contaminatoi s or imadeis Five of eight 
rabbits given intravenous injections of cultuies from the aithntic cases 
developed nonpurulent eft'usions of the joints Streptococci culturalh 
and morphologically the same as those injected were lecoieied fiom the 
tissues of the joints m six labbits Diphtheroid bacilli lecovered fiom 
arthritic cases were injected into two rabbits Aithritis did not develop 
in these rabbits 

[Ed Note — ^\¥ith all the careful bactenologic investigations of 
chronic arthritis that aie being made, we ought soon to be in a position 
to determine whether or not it is of infectious origin A certain rela- 
tionship to streptococcal infection appears to have been shown, but that 
it IS due to direct bacterial invasion in eveiy instance has not been 
pioved ] 

CIRCULATORY DISTURBANCES 

Blocking the Sympathetic Neives with Piocame Hydi ochloude — 
White developed a diagnostic test which he tried in twenty-foui cases 
to determine befoiehand the effect of sympathetic ganghonectomy By 
blocking the sympathetic fibers to the arm or leg with procaine hjdro- 
chionde, he produced all the effects of ganghonectomy for a period of 
from two to four houi s m a given extremity Its use m selecting cases 
for ganghonectomy seems indicated 


NEUROLOGIC DISTURBANCES 


Spasmodic Toihcolhs — ^The operation for tieatment foi spasmodic 
torticollis preferred by Fraziei consisted of intradural division or 
crushing of the posteiior nerve roots bearing the afferent fibers fiom 
the particular muscles affected In addition, the spinal accessory nene 
on the affected side had to be divided In his hands this technic had 
given better results than the extiadural division of the cenical nerves 
at their points of exit from the spinal canal He stated that it was 
extremely difficult to differentiate between toiticollis with and without 
an organic basis, and as a lule the treatment was the same So far as 
possible, an accurate estimate of the paiticulai muscles iinolved sliou 
be made and division of the doisal root nerves from these muscles pei 

formed . 

An operative proceduie for the tieatment for spasmodic tortico is 
was leported by Dandy A cervical laminectoiii} uas perfoime o 


28 White, J C Diagnostic Blocking of the Simpathetic Kenes to 
Extremities with Procaine Test to Evaluate the Benefit of SMUpatliefic 
ghonectomy, J A M A 94 1382 (Jlay 3) 1930 

29 Frazier, C H Ann Surg 91 848, 1930 Tnrficalhs ^rch 
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lowed by an intraspmal resection of the sensory and motor loots of the 
fiist three ceivical nerves The spinal accessoiy neives were cut at 
their exit fiom the forapien magnum This opeiation was peifoimed 
on eight patients, of whom five weie lelieved and two impro\ed, the 
lemaming patient died of pneumonia three weeks after operation The 
author believed that spasmodic torticollis was always organic in oiigin 
and that it was never lestricted to a single muscle or gioup of muscles 
[Ed Note — Some of the editors have observed the complete symp- 
tomatic relief for ovei a year of three patients with spasmodic torti- 
collis by the use of rest and of oithopedic measures to deciease the 
hyperextension of the cervical spine ] 

NeunHs — ^Wollman®^ reported five cases of ulnar pressuie neuritis 
and four cases of pressure neuritis of the common peroneal neive devel- 
oping in patients who had been bedridden for some time He pointed 
out the importance of careful handling of such cases from the nursing 
standpoint to avoid pressure on these easily damaged neives 

Localizalton of Tumots of the Coid — Elsberg and Ciamei weie 
opposed to the indiscriminate use of iodized oil m the localization of 
tumors of the cord, because they had observed patients who suffeied 
fioni severe root pains and had vesical disturbances foi a number of 
days after injections of iodized oil They believed that multiple lumbar 
punctures carried out at different levels of the cord weie much safei, 
and, though perhaps moie tedious, were just as accurate as the injection 
of iodized oil 


TUMORS 


Diffuse Osteoplastic Carcinomatosis of the Skeleton Due to Clin- 
ically Um ecogmsed Priinaiy Caicinoma of the Piostate — Putti and 
Faldini^® repoited a case of osteoplastic carcinomatosis of the skeleton 
from primary carcinoma of the prostate, clinically uni ecogmzable They 
considered the case worthy of note because 1 It helped to confirm an 
idea worthy of dissemination, namely, that diffuse malignant tumors of 
the skeleton might be metastases from pi unary tumors that could not be 
recognized clinically 2 The case was studied extensively, both while 
the patient was living and post mortem 

In ai living at a diagnosis, they stated that diffuse carcinomatosis of 
the skeleton from a tumor not possible to localize was most probabl} 
fiom the prostate, also, a diffuse tumor growth in a segment of the 
skeleton involving the entire area from the pi oximal to the distal epiph- 


31 WoIIman, H W Am J M Sc 179 528, 1930 
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ysis of the bone and not sparing the bone deiived either fiom fibrous 
tissue 01 from caitilage was most likely to be a metastatic tumor 

MISCELLANEOUS ' 

Diagnosis of Lesion of the Shouldei — Meyer discussed the roent- 
gen diagnosis of lesions about the shoulder joint He stated that the 
films usually failed to show any sign of gross damage, but that nevei- 
theless certain minor changes weie of considerable impoitance He con- 
sideied that the following signs pointed toward the piesence of arthritis, 
the demonsti ation of atrophy of the bone, inci eased density at the 
lateral border of the gi eater tubeiosity, a deepened furiow between the 
greater tuberosity and the head, hypertrophy of the lower border of 
the articular cavity, lessening of the width of the articular gap and the 
presence of ii regular bony shadows in the capsule He considered the 
intertubercular sulcus of paiticulai importance 

[Ed Note — ^We feel that some of the signs mentioned by the 
author aie indicative of ruptuie of the supraspinatus tendon, and that 
arthritis when present under such conditions is quite likely to be of 
secondar)^ origin The charactei istic appearance of this lesion consists 
of atiophy in the legion of the gi eater tuberosity, increased density at 
the superioi and lateral bordei, filling up of the intertubercular sulcus 
and the presence of iiregulai bony shadows in the capsule Rupture of 
the supiaspinatus tendon is often not recognized, and this leads to a 
confusion of the clinical picture with that of arthiitis] 

Epicondylitis Hmiieii — Hansson and Horwich®® leported a study 
of sixteen patients with “tennis elbow ” They did not accept the theoiy 
of Osgood that the condition was due to an inflammation of the radio- 
humeral bursa, in spite of the two cases of cure by removal of the bursa 
which he repoited They agieed with Hohmann, and stated that then 
conception of the pathologic condition in epicondylitis humeri, or tennis 
elbow, was that of a periosteal fiactuie with a myofascitis of the exten- 
soi muscles which originated from the epicondyle Studies of the 
anatomy'- and physiology of the elbow and forearm, together with their 
knowledge of the phydogenesis and locus minoris resistensiae of muscles, 
and their clinical experience pointed to such a pathologic conception 
The condition existed m two forms (1) the acute form, as seen in 
tennis elbow, and (2) the chiomc foim, which was usually occupationa 
The pathologic change was piobably periosteal avulsion ivith a myo 
fascitis In real tennis elbow the periosteal symptoms predominatec , 
while in the occupational type the mymsitis was worse No treatment 
was of aity avail unless the extensoi muscles from the external con } e 
w'ere relaxed The best splint for this purpose was the cock-up sp in 

34 Mejer, H Chirurg 2 241, 1930 t A M ^ 
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[Ed Note — considei it not impiobable that two diffeient t}'pes 
of pathologic change may be responsible for the clinical s)mptonis of 
tennis elbow The conception ot Hansson and Hoiwich may explain 
certain cases, but that radiohumeral bursitis may account f oi other cases 
has been proved by the operative expeiience of some of the editors ] 

Foreign Bodies in the Elhoiv Joint {Baseball Pitcheis’ Elbozv) — 
Baseball pitchers’ elbow was the name applied by Kiiby to a condition 
which was found in four patients in whom there was a fracture of the 
posterior inner suiface of the head of the ladius with the pioduction of 
a loose body The size of the bodies varied fiom that of a coffee bean 
to that of an almond They consisted of cartilage, and, when sectioned, 
were found to contain bone in the center The loose body was lemoved 
bv an operation in all four patients, and all secured a fully useful joint 
with an arm and forearm as strong as before injury All of the patients 
were baseball pitchers, and the injury consisted m a sudden, sharp pain 
while pitching 

Snapping Knee — Nat reported the case of a man who while kick- 
ing a football felt something give way in his knee, and who ever since 
had complained that the knee gave an audible click on full extension 

On the outer side of the knee in front of the tendon of the biceps 
the iliotibial band could be made to slip backward and forward o\er the 
noimal surface of the lateral condyle, immobilizing this band b}- press- 
ing It against the condyle caused the click to disappear 

At operation, Nat found a tear of the deep fascia which filled the 
triangular interval between the tendon of the biceps femoiis and the 
iliotibial band This was lepaned with complete relief fiom all 
symptoms 

A New Sign of Injwy to the Semiliinai Caitilage of the ICnee — 
The difficulty of exact differential diagnosis in certain cases of internal 
deiangement of the knee was emphasized by Bragard,®® and he pointed 
out that the movements of the cartilage in diffeient positions of flexion 
and extension of the knee might be used to determine the kind of lesion 
In a case in which the medial cartilage was torn loose, local tenderness 
was produced by inward rotation, with the knee both m extension and in 
flexion, whereas in flexion ivith outwaid lotation the tenderness disap- 
peared The seventy of the lesion was expressed by the slowness of 
the disappearance of pain when the knee was bi ought from the extended 
to the flexed position Lesions of the lateral cartilage caused corre- 
sponding sjTuptoins On the othei hand, wuth lesions of the capsule the 
pain was made worse bi increasing the angle of flexion 

36 Ktrby, F J Foreign Bodies in the Elbow Joint “Baseball Pitchers’ 
Elbow," J A M A 95 404 (Aug 9) 1930 
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Chondi onuxfosis of the Joint Capsule — ^Thirteen cases of chondro- 
matosis of the joint capsule were studied by Kaital He stated that 
there were two theories as to the cause of the condition (1) the tumoi 
theory and (2) the theory of chionic irritation of normal cartilage 
islands of the synovia In the differential diagnosis, osteochondritis dis- 
secans, aithntis, calcaieous bursitis, hemophilic joints and myositis ossi- 
ficans had to be considered The condition might be present for years 
without giving symptoms until an injury precipitated pain The author 
did not advise operative treatment unless the symptoms demanded it 

Impioved Air Injection Appaiatus for Inflation of Joints — ^An 
impioved apparatus for the inflation of joints by air has been developed 
by Berg The author claimed for it the advantages that it allowed for 
complete aseptic aspiration of the diseased joint and provided an abso- 
lutely aseptic method of inflating a joint with sterile air at the desired 
pressure The apparatus consrsted of a manometer, a sterilizing cham- 
ber and a pi assure bulb, all being mounted on a small, detachable metal 
table 

[Ed Note — ^The inflation of joints with air has been practiced 
lather indisciiminately and with poor technic Seveial unfortunate 
accidents resulting from this piocedure have come to the attention of 
some of the editors There is a place for the proceduie, but it should 
be done carefully, and an apparatus such as that described by Berg will 
undoubtedly prove useful ] 

Etiology of Calcaneal Spws — One hundred consecutive cases of 
exostosis of the os calcis observed at the Mayo Clinic were reviewed by 
von Lackum and Palomeque^^ with the purpose of ascertaining how 
frequently the gonococcus was a factor in causing the condition Eighty- 
five of the patients were men and fifteen women In 44 per cent of the 
patients a history of gonoirhea was obtained, and in 56 per cent this 
histoiy was lacking 

The writers came to the conclusion that neither syphilis nor gonor- 
ihea was a gross factor in the etiology Foci of infection in the teeth, 
tonsils or piostate gland, and possibly other obscure areas, particularly 
those bearing streptococci, piobably played an important role in cases in 
which multiple etiologic factors were present The term “gonorrhea 
spurs” was a misnomer, and ought not to be used 

BONE, JOINT AND TENDON SURGERY 

The Use of Sodiniu Iso-Amyl-Ethyl-Baihiiw ate in Anesthesia 
Experience is accumulating in the use of sodium iso-amyl-ethyl-barbitn 
rate as an intravenous anesthetic and hypnotic, and reports on the resu 
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40 Berg, R F Am J Surg 8 1277 (June) 1930 

41 -v on Lackum, W H , and Palomeque, E J Gonorrheal Spurs a 
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are beginning' to appeal Mason and Baker employed the ding in 
195 patients, and discussed the details of dosage and the methods of 
administration Preliminary medication with morphine and atropine 
was the lule, and generally the drug was supplemented by some form 
of inhalation anesthesia Frequently it was combined with spinal anes- 
thesia After the administration of sodium iso-amyl-eth} 1-barbiturate, 
the patient went to sleep , the frequent preoperative anxiety was obvi- 
ated, and much less inhalation anesthesia was required There were 
certain disadvantages at times, such as delirium and pulmonary edema 
The authors felt that when an operation was to be done, there was no 
contraindication to the drug except in extreme shock, diabetes, anemia 
or respiratory obstruction 

Brown stated that he and his associates had employed sodium iso- 
aiu} l-ethv 1-barbiturate as an mtiavenous anesthetic m eight} -two sur- 
gical cases The following procedure was used Either the night before 
the operation or early m the morning the patient was given 10 grains 
(0 65 Gm ) of chloretone , one-half hour before operation he received % 
gram (0 01 Gm) of morphine and y /20 gram (0 0038 Gm ) of atropine 
h} podermically Sodium iso-amyl-ethyl-barbiturate was given in the 
dosage of 1 decigram per 10 pounds (4 5 Kg ) of body weight intraven- 
ously at the late ot from 0 75 to 1 cc per minute In most instances there 
was an initial fall in blood pressure of from 10 to 70 mm depending 
on whether the initial pressure was average or high They observed 
that following the use of the drug postoperative gas pains were lessened 
About twent}-five of their patients required catheterization Special 
nursing was required m all cases for from twenty-four to forty-eight 
hours aftei operation 

Postopeiatwe Shock and Shocklike Conditions Ti eatment by Infu- 
sion m Lai ge Volume — As a means of combating surgical shock, McFee 
and Baldridge stated that they had used a method of intravenous infu- 
sion of saline in large volume administered slowly over a long time with 
benefit The} obseiwed no untoward effects such as cardiac failure or 
pulmonary edema with amounts varying from 2,000 to 8,000 cc The 
average amount given their patients was 4,500 cc The solution had 
to be given slowly, and the rate of 1,000 cc per hour seemed satisfac- 
tor} They reported statistics and case histones which indicated that 
the method was beneficial 

Causes of Death Aftei Opeiation — Neuhof and Aufses made an 
analysis of the causes of death after operation, basing their figures on 
SOO consecutive autopsies performed at Mount Sinai Hospital and two 

42 Mason,! T , and Baker, J W Surg Gjnec Obst 50 828 (Mav) 1930 

43 Brown, R Ann Surg 91 492 (April) 1930 

44 McFee W F and Baldridge, R R Ann Surg 91 329 (klarch) 1930 

45 Xeuhof, H , and Aufses, A H Ann Surg 91 321 (March) 1930 



342 


ARCHIVES OF SURGERY 


other New Yoik hospitals Suppuration following opeiation for non- 
suppurating lesions was found to be an extremely common cause of 
death, 25 5 pei cent Foit) -two per cent of the patients died as a result 
of the original disease, while pneumonia was found fo be the cause of 
death in only 8 per cent Suppurative complications after operations 
for nonsuppurative conditions were often unrecognized before death 
The authors felt that the number of deaths from suppuration was in 
no way due to faulty technic, but depended on lowered resistance of the 
individual tissues 

Tjcatment for Snapping Thumb — Ottendoif^® lecoixflnended the 
following method for the tieatment for snapping or trigger thumb, at 
least for such cases as were due to thickening of the tendon sheath 
Under local anesthesia a tiny, nariow-bladed knite was introduced sub- 
cutaneously into the tendon sheath, and the constricted or tight part of 
the sheath w'as divided in a longitudinal direction, the lesults of the 
operation could be controlled by actne flexion and extension of the 
thumb by the patient, and the operation ought not to be consideied com- 
plete until the tendon moved wnthout obstiuction Following the opera- 
tion, early and frequently repeated movements of the tendon were 
necessary to prevent the formation of adhesions 

Flevoi Plasty of the Thumb to Oveicome Thcnai Palsy — Further 
experience had convinced Stemdlei that the opeiation for thenar 
palsy which he first described m 1919 was an effective procedure He 
had performed the operation twenty-three times, with fifteen successful 
results Six patients obtained results that w’^ere considered iair, while 
in two the operation resulted in failure The procedure depended for 
its success on the presence of a strong flexor tendon of the thumb The 
long flexor tendon w'as split longitudinally from the level of the phalan- 
geal joint to a point one-half inch (1 27 cm ) proximal to the metacarpo- 
phalangeal articulation The radial half of the tendon w'as divided at 
the distal end, passed subcutaneously orer the dorsum of the basal 
phalanx and sutured through a second incision to the dorsum of tire 
thumb, or the tendon could be passed through a drill hole in the phalanx 
It was necessary to splint the thumb in a position of adduction and 
flexion for a period of three weeks after operation, at which time exer- 
cises could be started 

Rnptwe of Tendons of the Hand — The classification of Hauck w 2 S 
followed by IHason in studying rupture of the tendons of the Iran 
The types of rupture w^ere (1) those due to direct trauma, (2) those 
due to indirect trauma and (3) spontaneous niptures due to disease 
For treatment for the subcutaneous rupture of the extensor tendon o 
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the fiiigei at its insertion into the distal phalanx, he recommended the 
use of an aluminum splint holding the distal phalanx m hyperextension 
to be worn for a period of irom six to eight weeks Occasionally, even 
with this treatment the tendon might heal in a lengthened condition 
For correction of this a step cut incision was made in the tendon, and 
the ends were overlapped Damage to the joint capsule, if present, 
could be repaired at the same time Rupture of the dorsal aponeurosis 
over the proximal interphalangeal joint required operative treatment 
followed by the use of a hj perextension splint for a period of four 
weeks Although raie, dorsal dislocation of the tendons over the meta- 
carpophalangeal joints could occur, and was occasional!} congenital In 
the early tiaumatic cases, splinting in extension might restore function, 
but in the long-standing cases operative treatment was required Rup- 
ture of the tendons at the wrist usually occurred only after some disease, 
usually tubeiculosis Rupture of the flexoi tendons was rare, and fol- 
lowed sudden extension of a tightly flexed fingei Operative treatment 
was usually necessary 

ReconsU uction Suigciy m Patalytic Defounities of the Foot — In 
discussing reconstruction surgery in deformities of the foot and leg 
resulting trom poliomyelitis, Dunn stated that before proceeding to 
opeiation every effort should be made to oveicome the deformity by 
gradual stretching methods Division of muscles for the correction of 
deformity should be avoided, as it weakens the muscles so that they 
function less well and are less valuable foi transplantation Trans- 
plantation of tendons ought to be restricted to the group with which 
they normally act Transplanted muscles usuall} do not work well even 
aftei tiaining, if made to work with a normally opposing group of 
muscles In the seAerei tjpes of paral}ses of the foot, arthrodesis of 
the tarsal joint ought to be performed prehminar}- to tendon transplanta- 
tion or tenodesis 

From a study of the end-results of 109 staliilizing operations on the 
feet, Buzby ■° came to the following conclusion Stabilizing operations 
should larely be done before the age of 7 Lack of bonv fusion was 
due to operation at too early an age, to insufficient lemoial of cartilage 
to nonapposition of denuded bone surfaces or to the use of the foot 
befoie thei e vas solid boni fusion Tendon transplants alone were not 
satisfacton , tending to become stretched out and functionless in a short 
time The few indications foi astragalectomy could be met equalh well 
b\ a less mutilating operation, such as transi ei se tarsectomy with back- 
vard displacement of tbe foot 

[Kd Xote The editors agree with most of the conclusions of 
Dunn and Buzb} The} do not agree that ti ansplantation of a tendon 
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to peifoim the woik ot an opposing muscle is alwa}S useless Good 
lesults can be obtained almost as a loutine flora the tiansplantation of 
the perenei muscles to the doisum of the toot and sinnlail>, the biceps 
muscle may be tiansplanted to become an extensoi of the knee In the 
case of the foot, howevei one should not ask too much of the tians- 
planted muscles, and the best lesults aie to be obtained aftei pieliminaiv 
stabilization opeiations, noi do we believe that astiagalectoni} has been 
entire!} siipeiseded b} subastiagalai oi taisal stabilization We believe 
that this opeiation still has a place, although a ^ely restricted one in 
the tieatment foi defoi unties of the foot ] 

Boiu-Blotk Opeiaiion fo) Diop-Foot — Campbell'^ lerieved the 
lesults in 225 patients with paiahtic teet on whom he had peifoinied 
the bone-block opeiation foi chop-foot which he had preiioiisly des- 
ciibed Excellent lesiilts wcie obtained in 92 8 pei cent of the children 
and m 96 5 pei cent of the adults The paiahtic equinus detoimity had 
lecuiied in onl} 14 patients, and in 10 this result was asciibed to a 
defectne opeiatn’’e pioduction of a bony block at the posteiioi margin 
of the ankle joint In the other 4 the lecurrence was due to extieme 
relaxation of all the ligaments and soft stiuctuies about the ankle joint 
In no case was theie peisistent pain fiom pressuie on the new osseous 
piocess and in no instance was evidence of osteo-arthiitis found 
Rcsiilfi of Operation foi Hallux Valgui — The end-iesults of 219 
opeiations foi bunion peitoimed on 135 patients at Steindlei’s Clinic 
weie studied b} Bainard The tjpes of bunions weie classified as 
paiahtic, static and aithiitic dhe opeiative piocedures einplojed w^erc 
the Ma 3 m-Heutei the Silvei and the Poitei In a few patients a simple 
excision of the exostosis had been done It was found that the end- 
lesiilts were consideiabh pooiei at the end of a yeai than shoith after 
operation Pool lesuIts constituted less than 10 per cent wdiich aigued 
stiongh m favoi of the opeiation The Mavo-Hentei and Silvei opeia- 
tions seemed to be the moie satisfactory ovei the longei peiiods 


FR \CTURCS 

Reduction oi Fiaituiis Vndci Local Anesthesia — Heiiipel iccoin- 
mended the use ot local and plexus anesthesia m the reduction of fresli 
fiactures and felt that the method had so mani advantages over genera 
anesthesia that it ought to be in moie general use In fractuies ot tbc 
lower extiemity he had found blocking of the lumbosacral and sciatic 
plexuses v aluable especiallv as it could be done without changing t ic 
patients position from the doisal decubitus He had found the inetboi 
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paiticulaily useful in the reduction of dislocations, and without assis- 
tance had been able to i educe dislocations of the hips in adults 

An Efficient Ti action Appoiatus foi the Reduction of Fiactwes — 
Souttei believed that the i eduction of fiactuies of the long bones 
and also ot many of the dislocations could be accomplished with lelative 
ease if the muscles weie fiist lelaxed by traction and counteiti action 
He had devised a simple appaiatus by means of which this could be 
accomplished without the necessity of employing one of the complicated 
fiactuie tables The appaiatus consisted of a rod of tubular steel about 
80 inches long with a light angle bend at one end The rod was made 
up of seveial sections each about 20 inches long Each tube fastened 
solidly to the adjoining tube so that the rod could be built up to any 
desired length Webbing stiaps weie piovided to attach to the extremi- 
ties to sei\e for traction and countertraction Traction was secured by 
means of two double block pulleys with a heavy cord, and a spiing 
balance was provided that measured up to 100 pounds in ordei that 
a known amount of traction could be used Traction m any amount up 
to 100 pounds could be obtained When a steady traction force was 
applied foi a certain time, the muscles became paralyzed, and the relaxa- 
tion lasted for a definite inteival after the traction force had been 
leleased This gave the opportunity foi gentle manual manipulation 
and reduction 

[Ed Note — Some of the editois are acquainted with the authoi’s 
ti action apparatus and can testify to its mechanical efficiency It can 
be adapted to almost any position of the extremity, and in addition has 
the advantage of being portable and of occupying a small space ] 

Fiactuies of the Pelvis — A study was made by McNealy and Wil- 
lems of thiity-thiee cases of fracture of the pelvis These injuries 
were caused by seveie tiauma, such as automobile accidents and ciush- 
ing injuiies There had appaiently been an increasing incidence of 
fractures of the pelvis in the last few yeais The region most commonly 
involved was the pubis Tieatment should follow conservative lines 
unless definite operative indications presented themselves Injuiies of 
the urethra and bladder were the most common complications Surgical 
shock fiequently accompanied these fractures, and ought to receive 
immediate and primary consideration Taken as a whole, these fiactures 
offered a favorable prognosis, as to both life and function In the 
gioup of patients studied the greatest number of days of treatment 
before final dischaige was 305 and the least 35, the average being 95 

54 Soutter, R Reduction ot Fractures and Dislocations of the Long Bones 
Apparatus for Obtaining General Relaxation of the Soft Parts, JAM \ 

1547 (Mav 17) 1930 

55 McXe-ih, R W and Willems J D \.m J Surg 8 573, 1930 



346 


ARCHIVES OF SURGERl 


Fiactuies of the Os Calcis — Simon and Stultz=« advocated eaih 
opeiative treatment in all compression fiactuies of the os calcis Thei 
found It possible to elevate the thalamus oi supeiior portion of the 
lateial calcaneal suiface underlying the superioi aiticulai facet, and 
they piefeiied a reconstiuction opeiation of this type to subastiagalai 
aithrodesis m the majority of cases When the subastiagalai joint had 
been considerably damaged, arthrodesis preceded by as much leconstriic- 
tion ot the os calcis as possible was the tieatment of choice Raiely vas 
astiagalectomy necessaiy 

Heimann®’' desciibed the method of tieatment winch he had 
employed in eighty patients with fiactuies of the os calcis The tieat- 
ment was a modification of the method advocated bv Cotton in 1908 
It consisted in biief of molding the fiagments into as nearly perfect 
position as possible, pai ticulai care being taken not to allow bone to pile 
up uiidei the exteinal malleolus A small cahpei tongs was next 
inseited into the posteiior portion of the body of the os calcis The 
heel was pulled down and the aich restoied The tongs were then 
lemoved, and steiile diessings and felt pad applied over the wound, 
while the foot was held in coriect position a plaster boot was applied, 
the foot being fixed m a position of inveision and plaiitai flexion The 
plastei casing was changed at the end of ten days, lateial pressiue on 
the os calcis being maintained Active exeicises were started at the end 
of eight weeks, and weight beaiing was peimitted at the end of twelie 
weeks 

[Ed Note — The tieatment foi lecent fiactuies of the os calcis 
seems still to be a debatable problem The continuous ti action method 
is not without danger The method of i eduction by leinodehng is 
uncertain Subastragalar arthrodesis is not always indicated The recon- 
stiuction operation described bv Simon and Stultz would seem of doubt- 
fill value Hermann’s aiticle is impiessive with a laige numbei oi 
successful end -1 esults In the old cases with peisistent pain we feel 
that subastiagalai arthrodesis is indicated, and that this operation is 
capable of relieving the symptoms ] 

Fiactuies of the Astragalus — In writing on the subject of fiacture'? 
of the astragalus, Sawyer stated that they w^eie caused bv a force 
tiansmitted upwaid through the phalanges and metataisals and not 
from a fall on the heel, as in the case of fractuies of the os cacu 
Fiactuies of the astragalus were fiequentty impacted Opeiative trea 
ment w^as larely indicated, mampulatwe reduction and immobilizatio^^ 
usualh being sufficient to insuie good results It w'as necessarj to 
to operative treatment when the fiacture extended into the ank e joiu 
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or It the impaction uas so gieat that the contour ot the bone Mas des- 
tro} ed Astragaiectoin) and open leahnement of the fractuies \\eie the 
procedures of choice 

DISLOCATIONS 

Cctvical Dislocations — Btookes®® advocated early manual leduction 
for dislocation of the cervical spine by the method of retrolateral flexion 
with rotation as described b} Walton in 1904 The reduction ^^as tol- 
lowed b) prolonged immobilization in plaster The author reported six 
cases m which the method had been used, which he added to the ten 
cases he had previoiisl} reported 

Dislocation of the Cai pal Scaphoid — ^Higgs reported tvo cases of 
dislocation ot the caipal scaphoid reduced successfully b} open operation 
ten and four weeks lespectiveh, after injury In each instance the 
tiaumatism had been produced b} a fall from a motor c^cle The imme- 
diate results following operation were excellent The latei lesults were 
not recorded 

AMPUTATIONS 

optimum Sites foi Amputation — Surgeons and limb fitters recently 
met at the Roial Society of jMedicme in London to discuss the prac- 
tical value of various amputation sites Their conclusions were as 
follows In the lower limb onl) tAvo sites Avere recommended beloAv 
the knee, A\uth 7 inches (17 78 cm ) of tibia and above the knee, AAuth 
from 10 to 12 inches (25 4 to 30 4 cm ) of femur Symes’ amputation 
AA'as condemned because its aACiage life AA^as onh' about ten a ears after 
Avhich time leamputation had to be performed for the comfort of the 
patient The long thigh stumps had hkcAvise failed to piove their sta\- 
ing qualities and then numbei Avas being gradnalh reduced b} reampu- 
tation In the upper limb onh tAvo sites Avere recommended beloAv the 
elboAV, Avith from 6 to 7 inches (15 24 to 17 78 cm ) of ulna, and above 
the elboAv, A\ith / or 8 inches (17 78 or 20 32 cm ) of humerus i e , at 
least 2 inches ( 5 cm ) aboA e the epicond) les Kineplastic amputations 
had pioved failures because a satisfactory mechanical hand bad not been 
CA oh ed Reamputation had been necessary m most of the thirtA patients 
on A\hom kineplastic amputations had been performed in England 

Changes Incidental to Healing Bone in Amputation Stumps — 
Barber made a studA of the changes in the ends of the bone in ampu- 
tation stumps at mteiAals of from six days to rears after operation In 
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SIX days the sectioned end of the bone showed nici eased vasculanty and 
raief action At the end of thiiteen days, the saw maiks had been entuel} 
obliterated by erosion, and a fairly well developed periosteal and endos- 
teal callus was seen When the bone had been sectioned in the spoiig) 
poition, the end of the bone was found well healed in fifteen days, and 
presented the waxy texture seen in old amputation stumps When the 
amputation passed thioagh the medullaiy cavity m the diaphysis, seieral 
weeks ueie lequiied foi the closme of the cavity b} endosteal callus 
After this peiiod, the vasculai channels in the end of the bone rapidly 
close, and the new bone assumes a waxlike textuie 

[Ed Note — ^The changes in the healing of bone in amputation 
stun:ips must vary depending on the technic used m treating the ends of 
the bones The points that aie most impoitant to know aie whether the 
apenosteal, the peiiosteal oi the osteoplastic method fields the best 
results, and which one is least likel) to be followed by osteophytic foi- 
mation ] 

Suspension of Aitifiaal Leg — ^Ixarfiel had seen many patients in 
whom trouble referable to the spine began to develop wdien they had 
been weaimg artificial limbs for a certain period aftei amputation of 
the thigh These patients often complained of pain located in the stump, 
and many of them had been subjected to leampntations for supposed 
neuromas oi sensitive or improper scars, wuthout relief Careful exam- 
ination showed the stump to be in good condition, but there w^as evidence 
of weakness and irritation in the spine There was a marked increase 
of lumbal lordosis, the spinal muscles w^eie often in a state of spasm, 
and points of tenderness could be demonsti ated in various legions The 
author thought that thei e was an evident connection betw'-een these symp- 
toms and the improper mechanics induced by the use of the aitificial 
hmb and particularly by the habit of suspending it by a strap fiom one 
shoulder Mechanically and physiological!) , it was better to fix the aiti- 
ficial leg to the pelvis instead of hanging it from the shoulder, and 
patients in whom he had made this change experienced immediate re le 
from their former' symptoms Occasional!) , it was necessary to connect 
the pehic support with two shoulder stiaps, but these should be apphe 
wnthout tension In resistant cases it might be necessary to substitute 
for the ordinary limb a limb made of light metal or to use a light p) oti 
teinpoi arily 

RESE VRCH 

Studies of Viostciol and Vitamin D — Bills and Wirick 
graduated overdoses of viosteiol to rats for more than seven niont 

o 
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They found that the administiation of viosterol in amounts 100 times 
the antirachitic dose had no effect on the geneial appearance, giowth, 
lepioduction oi lesistance to lespiiatoiy infections Viosteiol m doses 

1.000 times the antirachitic dose was perceptibly harmful Amounts 

4.000 times the antirachitic dose weie definitel} injuiious, and amounts 

40.000 times the antiiachitic dose were strongly toxic, the animals all 
dying within two months 

Hess and his co-workers reported that in the couise of a test of a 
laige number of infants it was found that although viosteiol, in its 
piesent dosage, conferred piotection against iickets, some evidences of 
this disorder were apparent in a small numbei ot cases No hypercal- 
cemia or other untowaid symptoms developed The cases that shpwed 
signs of mild iickets were lemarkable for the fact that the inorganic 
phosphorus of the blood was maintained at its normal concentiation, m 
no instance did the phosphoius fall below the normal level This pecu- 
liai manifestation — rickets associated with undimimshed inorganic phos- 
phoius — ^liad been noted pieviously when iiiadiated milk had been given 
This expel lence indicated that an analysis of the blood foi organic 
phosphoius might be misleading, and that when viosteiol was being 
given, the presence of iickets would have to be detei mined by clinical 
signs and the i oentgenogram It also showed not merely that iickets 
was a systemic disease, but that local factois played a detei mining role 
in calcification at the epiphyses 

De Sanctis and Ciaig compared the efficiency of viosteiol and cod 
hvei oil as prophylactic antiiachitic agents, using compaiatively laige 
gioiips of infants as subjects The childien weie all similai in age and 
late of giowth, and the duration of the cxpeumental period in each 
instance was the same Of 123 childien to whom viosterol was admm- 
isteied, 29 pei cent weie not piotected against iickets, while of 100 
given cod liver oil, only 3 pei cent showed rickets although the pievious 
gioup leceived twice the numbei of units of vitamin D as the lattei 
Ihe authois weie inclined to believe that these lesults indicated that 
othei ciicumstances in addition to lack of vitamin D weie lesponsible 
foi the development of rickets 

Accoiding to Brown and Shohl,®' vitamin D conti oiled calcification 
of the skeleton b} dissolution and deposition of bone salts The mineral 
content of bone was the result of these two actions It was equally 
impoitant that calcium and phosphoius should be piesent in the diet in 
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sufficient amounts and in appropiiate lelationship to each othei in oidci 
that growth or calcification of the bone could occui No amount of 
vitamin could correct an absolute lack of bone-building salts As 
expiessed by Brown and Shohl, the amount of calcium and phosphorus 
in a diet determines the retention of these elements Vitamin D contiols 
the intei medial y metabolism 

Jones and his associates studied the effect of viosterol before and 
after thyiopaiathyioidectomy in dogs kept on a basal lation containing 
0 25 per cent calcium of viosteiol Given before operation, viostero! 
tended to delay tetany and piolong the life ot the dogs The dogs could 
be kept alive indefinitely and apparently in good health after parathy- 
loidectomy by repeated dosage with viosteiol The only untoward effect 
of the hypeicalcemia was a loss of appetite No constant effect on the 
concentration of the inorganic phosphoius was noted The authors con- 
cluded that the action of viosterol could not be due to a stimulation of 
the paiathyioid glands 

Expeumcntal Epiphyseal Displacements and Rickets Induced bv 
Strontium — -'Benassi,®® experimenting with labbits, produced traumatic 
displacement of the uppei epiphysis of the tibia, and fed strontium to 
produce epiphyseal changes which had been previously reported as similai 
to those of rickets He concluded that strontium poisoning did produce 
111 small rabbits osseous alterations with histologic changes and a loent- 
genologic pictuie typical of human nckets The expenmental traumatic 
epiphyseal detachment occuri ed with great i egulanty in the cartilaginous 
area, generally in the stiatified zone oi less frequentl)' in the vascular 
juxta-epiphyseal stiatum The detached fiagment, left to itself, restoied 
itself spontaneously to its normal position, and remained there without 
need of retaining apparatus Roentgenologically, the only evidence ot 
detachment was a slightly widei space at the epiphysis than on the noi- 
mal side The healing piocess was similar to that of the repair ot a 
fiactuie The device filled with blood and exudate, which tended to 
become organized Subsequently the vaiious stiata weie reconstituted 
b}'- the piolifeiation of the cartilage itself, and when healing was com- 
pleted only a little ni egulanty lemained to show that there had been an 
injui}^ In none of the animals did the epiphysis close or become com- 
pletely ossified, and theie were no examples of failuie of epiphiseal 
giowth The rachitic changes induced by the strontium were more en 
dent on the traumatized side than on the noimal side The strontium 
influenced the process of cuie of the detachment The consolidation 
occui led moie iiiegulaily and moie rapidly with an exubeiant and dis 
oideied callus 

68 Jones, J H Rapoport and Hodes H L T Biol Chem 86 -67, 
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Pevehation of Ultiaviolet Light Though the Human Skin — In a 
caiefully controlled study, Bacliem and Reed determined the depth of 
penetration of ultraviolet light through human skin They found that 
most of the visible light was absorbed m the coiiuni, some of the longei 
visible rays penetrating into the subcutaneous layeis Most of the neai 
ultiaviolet was absorbed m the malpighian layer The waves aiound 
275 millimicrons weie piactically all absorbed by the conum and gianu- 
losum Light waves of this length had been credited with the greatest 
antiiachitic activity Many light waves between 260 and 300 milh- 
micions penetiated to the stratum germinativum This was the poition 
of the light spectrum which produced the most eiythema Practically 
no light waves shortei than 230 milhmicions were able to penetiate the 
coi lum 

7 he Resoi ption of Bone — In an exhaustive pathologic stud}'- on the 
lesorption of bone, Jaffe found two t}pes of resoiption, one in wdiich 
lesorption was accomplished by blood vessels and gianulation tissue with 
little or no help from the osteoblasts, and a second in which osteoblasts 
played the chief role Resoiption by blood vessels was found to be the 
moie important type The cahbei of the blood vessels inci eased, and 
new vessels, so-called Volkmann’s canals, weie seen Resoiption seemed 
to be dependent on a previous decalcification, but just how' this occuired 
in vascular lesoi ption was not undei stood The decalcified organic 
niatiix was lemoved by tissue enzymes oi by phagocytes m the invading 
gianulation tissue Osteoclastic resorption was dependent on the reac- 
tion of the tissues by the calling out of osteoclasts The author w'as 
unable to tell why osteoclastic resorption appeared to play the dominant 
idle in certain cases How'ship’s lacunae were formed in the endosteal 
oi peiiosteal surfaces of the bone by eiosion It was still unsettled 
whethei the erosion took place by the osteolytic action of osteoblasts oi 
w'hethcr the bone was simply phagocytosed A preceding decalcification 
of the bone seemed to be necessary foi the formation of Howship’s 
lacunae The osteoclasts had been observed developing fiom mesen- 
clnmal connective tissue and fiom the fusion of resting w'andenng cells 
El entually, their function completed, the} either disintegrated or entered 
blood vessels and ivere removed 

Fate of Fice Caitilage Tiansplant in Joint — Harbin and Moiitz"- 
perfoiined a senes of experiments on dogs to determine whether carti- 
lage would survive in joint caiities unattached to the sinovial membrane 

small piece of cartilage was remoied from the femoral condyle 

70 Bichem, A. and Reed, C I Arch Plnsical Thcrap\ 11 49 (Feb) 1930 

71 Jaffe, H L Resorption of Bone Consideration of the Undcrhing Proc- 
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enclosed in a collodion sac and placed in the opposite knee joint A 
second piece of cartilage of equal size was placed in the cavit) of the 
knee joint, without anj protective covering The authors found that a 
piece of articular caitilage would survive, nourished only by the diffusi- 
ble elements of the joint fluid for as long as thirty-two days, but no 
proliferation of cells occurred When the collodion sac became broken 
permitting direct contact with the synovial fluid, superficial, fibrous con- 
nective tissue proliferation occurred This offered an explanation for 
the spontaneous production and growth of the joints of mice A sjstein 
of interlacunar canahcuh providing for the circulation of fluids in the 
caitilage matrix was observed in the pieces of cartilage 

Fascial Transplants Autogenous and Piepared — Haas studied 
the union of fascial grafts with muscle In a senes of six dogs a strip 
of fascia lata, from which the fat had been scraped with a knife, was 
sutured across a gap in the semimembranous or semitendinosus muscle 
and tendon The author found definite cellular union between muscle 
and fascia, first apparent in about thiee weeks The connective tissue 
cells of the fascia, peiimysium and endom}Sium contributed most to 
the union of fascia and muscle In two cases in which a Mayer opera- 
tion on the shoulder had to be levised, a similar union of fascia and 
muscle was found 

Dainelli reported a senes of experimental arthroplasties on rabbits 
using strips of fascia lata previously fixed in formaldehyde and sterilized 
Dainelli’s conclusions were The interposed sheath acted only mechan- 
ically to prevent contact of the ends of the bones The fascia ivhich 
had been subjected to fixation was completely absorbed within thirtj or 
fort)’- days, but not before the aiticular head had been covered ivith 
fibrous tissue so that ankylosis was securely pre\ented Restoration of 
the articular surfaces cccuried through cartilaginous metaplasia so as 
to permit within the limits of the experiments an almost normal recoven 
of the articular movement Use of prepared fascia m arthroplasties 
therefore seemed ad\isable, since in comparison with other material, 
such as free fascial transplants it had the advantages of instant avail- 
ability in the operatne room without the necessity of lengthening the 
operation by having to make a second incision to procure it 

73 Haas, S L California & West iled 32 387, 1930 
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RECURRENCE OF VARICOSE VEINS FOLLOWING 

INJECTION 

A STIjDY or THE P VTHOLOGIC NATURE OF THE RECURRENCE AND 
A CRITICAL SUR\EY OP THE INJECTION METHOD 


NELSON J HOWARD, .M D 
C R JACKSON, AB 

\ND 

EDMUND J MAHON, MD 

S FR \RCISCO 


A stud}' of the eiid-iesults of oin tieatinent ot vaiicose veins b} 
the injection method dining the past three leais has levealed a staitlmg 
peicentage of lecuiiences In a small senes of siYt}-six cases, lecnr- 
lence has been obsened a jeai oi moie aftei thwmhosis in fitty-two 
patients These lesults aie in such contiast to the enthusiastic lepoits 
of the tieatment ot vaiicose veins by injection that a ciitical leview of 
the theiapeutic thiombosis ot laiicose leins seems justified The wave 
of enthusiasm that seveial }eais ago gieeted the tieatment of vaiicose 
lems b} the injection of scleiosing agents gaie the method an impetus 
that has not been justified by the ultimate lesnlts, and it is becoming 
mcieasingl)' eiident that a moie caieful elimination ot unsuitable cases 
and a leturn to suigical pioceduies combined with injection of scle- 
losing agents is necessan to obtain satisfacton and more peimanent 
1 csults 


MI I HOD 

Ihe tieatment of these patients was begun m Noiembei 1927, at 
the suggestion of Di Emile Holman, m an eftoit to compaie this 
method with the lesuIts known to be obtained b\ operation A careful 
histoi} was obtained in each case and a gencial phjsical examination 
made with lecords of blood piessure urmahsis leukocite counts and 
lasscimann tests In addition before beginning treatment a carelul 
histori of tactois i elated to lancose reins nas obtained on a special 
blank foim and the position of the ranees ulcer and areas of ec/ema 
lecoided on a special giaplnc chart These charts rrere a modification 
ot those suggested hr Nicholson ' The patients rrere examined also 
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by the usual Tieudelenbuig pioceduie to test the competency of the 
saphenous and perfoiating valves, and by the tourniquet constriction 
walking test, or by the use of pressuie bandages over a peiiod of fiom 
two to foil! da 3 ^s, to test the patency of the deep veins 

A 20 pei cent solution of sodium chloride has been used as the scle- 
losing agent in the tieatment of these sixty-six patients It was found 
convenient to enter the veins with the patient standing, while the injec- 
tion was made in the supine oi sitting position with the legs elevated 
Various proceduies foi pioinoting thrombosis were utilized, such as 
“stiipping” the vein with the fingei pioximal to the point of injection, 
the application of the tourniquet, the use of hot 20 pei cent saline solu- 
tion at from 105 to 110 F, and massage about the site of injection 
following withdiawal of the needle Piessuie bandages weie used for 
at least two weeks aftei thrombosis in an endeavor to obtain collapse 
of the veins with agglutination and oiganization of the wall of the 
collapsed vein In the beginning, patients weie admitted to the hospital 
wards and weie given injections at inteivals of fiom one to two daj'S 
Forty -thiee patients were treated in the hospital Aftei becoming 
familial with the technical difficulties and the dangeis of the new 
method and convinced that satisfactory thrombosis could be easily pro- 
duced, anibulatoiy treatment of the patients was begun The patients 
were as thoroughly examined as in the hospital admissions, and one 
afternoon a week was devoted to the ambulatoiy tieatment Patients 
weie treated once a week Fiom one to three injections weie given at 
a sitting and from 10 to 12 cc of the sodium chloiide solution at a 
single injection 

With the method desciibed, thiombosis of varicose veins was easil) 
obtained A few cases weie at first lefractile to the treatment, and 


thiombosis was seemed by injection of 30 per cent dextrose, quinine 
and urethane, or by repeated injections of salt Complete thrombosis 


was obtained in fort 3 ''-eight cases One patient had laiicose veins 
remaining after the excision of a femoral arteriovenous fistula, and 
m this instance complete thrombosis was not thought desirable F’ 
several of the eaily patients incomplete thrombosis was obtainec 
because of oui unfamihanty with the method The lemainder of the 
eighteen patients in whom thrombosis was incomplete represent patients 
who stopped tieatment and those who had such laige varicosities mti 
ulceiation, hard brawny edema of the leg and completely incompetent 
valves that although the greater numbei of veins were thrombosed, t le 
older thrombi recanalized oi weie absorbed before injections vere coin 


plete These last patients are still being treated 

Injections weie consideied complete when all visible and papa ^ 
veins with the exception of small telangiectases were thromiose^c^ 
Thrombosis of the internal saphenous m the thigh was attemptec e\ 
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It the \ein ^\as not dilated or MSible jMam ot the patients shoiNed 
thrombosis of the saphenous \eins up to the saphenous bulb at the 
entrance into the femoral lein Complete thrombosis ivas obtained in 
forti -eight patients /2 per cent of the cases A. few of the eighteen 
patients classed as hai ing incomplete thrombosis had one or two isolated 
lems or perforating leins still patent although the remaining leins weie 
well thrombosed 



1 ig 1 — ] sho\\s the patient beiore injection with marked bilateral lancose 
icins incompetent caphenoiis and perforating leins and dilated saphenous bulbs 
in botli groins In B the arrow points to the dilated saphenous bulb C shows 
the result from rLiiiKction after complete recurrence 

One outstanding example was a patient in whom the entire saph- 
enous s^stenl was dilated with large tortuous leins below the knee 
and len prominent saphenous bulbs (fig 1) Twice the patient had 
been told h\ phxstcians that he had bilateral femoral hernias and was 
ad\ ised to submit to opei ation A third plw sician had prescribed a 
double truss which the patient wore o\er the saphenous bulbs for some 
months with disconitoit In this man complete thrombosis of all \eins 
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of the saphenous system of both legs was obtained, yet these same 
vaiicosities lecuired within eight months after thiombosis Injection 
was repeated with equally satisfactoiy immediate results, and within 
foul months the saphenous vein on the light had lecanahzed to below 
the knee with beginning lecunence m the vaiicosities of the left leg 
It IS only because of the completeness of the thrombosis obtained in 
these cases that we have the temerity to leport such a high percentage 
of recuiiences, and to feel that the fault is not in the method oi in the 
solution used, but in the natuial repaiative piocesses of the body 

A compaiison between the patients treated by injection eveiy one 
or two days and the patients receiving weekly tieatments shows the 
aveiage number of injections to be four pei patient foi the patients in 
the ward, while the aveiage numbei of injections foi the ambulatory 
outpatient senes was eight Satisfactory thiombosis was secured in 
an aveiage of foui and one-half days in the hospital senes, while patients 
coming to the outpatient depaitment weie undei treatment foi an avei- 
age of 6 6 weeks Thus it is evident that private patients may have 
their veins thiombosed easily within a week by daily injection, and it 
suggests that an outpatient vaiicose vein clinic M'ould be managed to a 
bettei adi antage as a daily clinic 

RECURRENCES 

Patients in whom complete thiombosis was obtained weie asked to 
leport back in thiee months, six months and a yeai They were prompt 
about keeping the appointment aftei thiee months, but the majority did 
not appear after six months oi a yeai It was noticed that those ivho 
did leturn aftei six months showed beginning or complete reciureiice 
In December, 1929, we made a definite, oigamzed attempt to see and 
examine all patients whose veins had been thrombosed by injection a 
year oi more before In the follow-up studies, seventeen of the sixfi- 
six patients could not be located It was known fiom the lecoids that 
four of the seventeen had eaily lecuiiences One patient was seen 
nine months aftei completion of tieatment with firm thrombosis and 
without recuirence, and this patient is classed with those followed for a 
year or moie In the lemainmg forty-eight patients lecuirence was 
demonstiated in every case The actual recurience rate, then, is 79 
pel cent of all patients, or 98 per cent of those followed for a year or 
more The aveiage time of observance of lecurrence was ten and one 
half months The shortest period before observation of recurrence 
is thiee months and the longest twenty’'-foui months Collapse an 
adherence of the walls of the vein occuried m only three cases, anc m 
these the collapse affected only segments of the vein 

It IS of Intel est that in patients who had competent labes o tie 
peifoiating set but incompetent valves of the saphenous rein recurreiic 
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de^ eloped ^\ ith as great a regularity and a\ ithin the same space ol time 
as in those ■v\ho had incompetent \ahes in both perforating and saph- 
enous -seins 

The one person i\ho had a satisfactori and complete thrombosis 
happened to ha\e a single dilated straight saphenous Aem in the right 
calf ^\lth competent saphenous and peifoiating lahes This man Mas 
seen nine months after thrombosis but cannot be located noM 

COMPLICATION'S 

IMention should be made of the complications encounteied in this 
senes Pernenitis apparenth mote alaimmg and painful than dan- 
gei ous occui red in eighteen cases Rest m bed m ith compresses and 
eleiation of the leg^; bi ought lelief, but the piocess often lasted fiom 
thiee to foul Meeks before completeh subsiding Sloughs MCie pio- 
duced hi peinenous injection oi leakage along the needle track in 
eleien cases All but one of these Meie small Separation of the 
slough took place in fiom thiee to four Meeks and foi complete heal- 
ing fiom eight to ten Meeks Mere necessary Definite nonfatal pul- 
monaiN embolism M'lth froth\ bloody evpectoiation pleural pain 
phisical and i oentgenogiaphic signs of consolidation of one lobe of the 
lung OCCUI led in one peison A second patient Mhose case renort fol- 
loMs lecened foui injections and a slough lesulted at one point from 
extia^asation into the tissues 

At tile time of tins patients admission to the hospital plnsical examnntion 
re\ealed enlarged reddened tonsils and an injected phar\n\ The Mliite blood 
count was 17,750 She was discharged from the hospital and requested to return 
111 one month for tonsillectomi She li\ed at a distance of nmet\ miles, and 
instructions were gncii as to the care of the slough She returned m one month 
with the ston that she had had se\erc sore throat for one week with slight sub- 
sternal pain, an unproductue cough and tenderness and swelling of the right wrist 
The dai of rcadmission to the hospital she suddenh became short of breath with 
lialpitation and acrx rapid heart beat Plnsical c\aininatioii showed that she was 
acutch ill and dispneic and that there was marked hca\mg of the precordium 
that could he seen through the bed clothes Her throat was mtenseh injected 
There was duliicss ot the upper lobe of the right lung with suppression of the 
bre uh sounds Tin. heart was enlarged to the left The extremities weie normal, 
except for the irregular ulcer on the left shin which had a sloughing base The 
urnie was normal when examined The white blood count was 28,000 with 95 
per cent pnl\ morphoiniclcar leukoc\tes The temperature was 38 C (1004 F) 
the pulse rate 160 and the respirations 50 per minute The patient’s condition 
remained the same to the lourtli daa after admission when she began to cough 
up blooth irotln in itcrial Oxer the upper jiart of the right side of the cliest 
there appeared bronchox csicular breathing and an increased transmission of \oicc 
sounds to ausculalion The blood culture showed no growth \ culture from 
the throat showed streptococci oi the green pigmcnt-producmg txpc with non- 
beinohtic streptococci Culture ot the ulcer on the leg showed Bacillus colt The 
patient died ot cardiac failure on the filth dax alter admission \utopsx o.ukl 
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not be obtained The final hospital diagnosis was sepsis, acute follicular tonsillitis 
and pharyngitis, u’cer of the leg, acute endocarditis and questionable pulmonary 
infarct 

SYMPTOMATIC RELIEF 

It IS inteiestmg to contiast the symptoms befoie and aftei injection 
Such a comparison gives a moie optimistic picture of the value of 
theiapeutic thrombosis of vaiicose veins Sixty-four of sixty-si\ 
patients complained of symptoms other than the presence of unsightl} 
veins Thiity-five complained of burning pains in the couise of the 
veins Fifty-eight suffeied fiom pain and fatigue in the legs when 
woiking or while standing foi houis Spontaneous hemoiihages had 
occuiied in five peisons Ulceration had occuiied in twenty-six cases, 
and 111 thiee people theie were ulceis on both legs Swelling of the 
ankles at the end of the day was experienced by foity-eight patients, 
and eczema of the legs was an added buiden in sixteen 

S3mptomatic lelief lasting a yeai oi moie occuried in foity-nme 
patients of whom we have definite recoids Eight of these patients still 
had pain, ten expeiienced fatigue of the calf muscles when standing foi 
houis, and foui patients had itching of the legs In six patients, ulceis 
had lecmied One peison still suffeied occasional ciamps in the leg 
In thirt3'’-seven patients, the veins were visible as definite laige vancosi- 
ties, and m fifty-two, it was possible to deteimine by palpation that the 
lumen of the veins was patent and to demonstiate a transmitted impulse 
m the recuiient veins by tapping with the finger on the saphenous vein 
in the thigh 

Complete lelief fiom symptoms was obtained in twent3’'-eight, and 
paitial or complete lelief m foity-mne of fift3'^-two patients Many of 
the patients weie greatlj^ sui prised when asked to return foi reinjection 
or opeiative excision of the lecuiient veins We do not feel that this 
lelative fieedom from symptoms is a guarantee against piogressive 
enlargement of the lecuirent veins oi the usual varicose complications 
of ulcei, eczema or edema 

MICROSCOPIC STUDY OF INJECTED VEINS 

Eftorts to obtain permission fiom oui patients to excise segments 
of thiombosed veins under local anesthesia did not meet wuth much sue 
cess, and the material was supplemented with excised segments o 
thrombosed veins secured by Dr E J Mahon fiom the U S IMarine 
Hospital, San Fiancisco Microscopic paraffin sections were utilized m 
the stud3^ to determine the process of thrombosis and recurrence 

Thrombosis of the veins, except as noted, was obtained by injection 
of 20 per cent sodium chloiide, and all of the veins selected for micro 
scopic examination were found to be firm and hard within twent3- onr 
houis after injection 



HOU'ARD El AL — RECURRENCE OF VARICOSE VEINS 


359 



Fig 2 — Low power photomicrograph taken forty-eight hours after injection 
The lumen of the vessel is filled with a red thrombus , leukocytic infiltration is 
piogressing This and the following photomicrographs were supplied bj Dr 
Frank E Blaisdell 
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Twenty-foui houis after injection, the vein was palpated as a firm, 
haid, slightly teudei coid, and gave no impulse on percussion ]\l2cro- 
scopic sections showed the lumen of the vein to be filled with a led 
thiombus composed of closely packed led blood cells with aieas of 
hyaline bluish lines of Zahn The intima was paitially destioyed, and 
the regulaily spaced endothelial cells weie visible only in small poitions 
of the vein Fine tiny thieads of fibnn leached out fiom the wall of 



Fig 3 — High pouer pbotomicrograph taken seventy-two hours after injection 
The fibrin network is rendered distinct b^ agglutination of pigment grannies 
along the fibrin threads Sphting of the ressel wall is shown, with a begiinung 
ingroivth of endothelial celF 


the vein into the thiombus The vasa vasoium weie engoiged and 
theie was edema of the adventitia and peinasculai tissues 

Fort} -eight hotiis aftei injection, the sections showed essentially the 
same pictuie as the twentj-tour hotii specimen, the red cells were co 
lected into large, irregulai, homogeneous groups, the cel! outlme-^ 
being indistinct, and innumerable fine pigment giantiles uere seen 
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throughout the thrombus which tended to collect about white cells, the 
fibrin threads and the lines of Zahn (fig 2) 

Sevent}-two houis after injection, the fibrin network of the thiom- 
bus was made more distinct by the collection along the fibim strands of 
the pigment gianules (fig 3) Phagocytic cells weie invading the 
thiombus and an occasional invading endothelial cell could be made out 
neai the peiipheiy of the thiombtis The vasa vasoium showed swell- 



Fig 4 — Low power photomicrograph taken six da^s after thrombosis Cleav- 
age spaces at the periphery are lined with endothelium and contain fresh blood 
The arrows point to cleavage space and new vessels 


mg and pioliferation of then endothelial cells, the lining of the vessels 
almost lesembhng cuboidal epithelnim 

Six days after injection, the thrombus showed the led cells to be 
m homogeneous masses with indistinct cell outlines Leukocytic infil- 
tration of the thrombus was well advanced, and the pigment granules 
were found m larger masses within the phagocytic cells Cleavage 
spaces had appealed between the thiombus and the wall of the vessel 
and were filled with fiesh led blood cells (fig 4) 
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Nine da}s aftei thiombosis, the ^asa Aasorum were maiked]} 
engoiged and distended The red thrombus filling the lumen had 
letracted fiom the wall of the vessel, leaving two laige, crescentic 
lacunar-hke spaces between the thrombus and the vessel wall which were 
lined with endothelium and filled with fiesh blood The two broad 
points of attachment of the thiombtis to the wall of the vessel showed 



Fig 5 — Low power photomicrograph taken three weeks after throm os^ 
There is a peripheral zone of organization wnth new blood vessels, 
a central zone of unorganized thrombus wuth apparent softening Suci so ci » 
may lead to opening up of considerable lumen by absorption of tie 
thrombus (Welch) The arrow's point to new lacunar ^ascnlar sinuses line ^ 
endothelium and containing fresh blood 

an advancing invasion of numerous tim capillaries and endothelial 

along the fibiin strands into the thrombus , 

Thirteen da\s after thrombosis the thrombus vas stil coi 1 ^ 

mainly of hyaline homogeneous masses of red blood cells vit^ 
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outlines, and leukocytes caught in the fibrin network The thiombus 
had sepaiated fiom the vessel wall along two thirds of its circumference 
and remained attached by a bioad pedicle The lacunar space formed 
by this sepal ation was filled with fresh blood and lined with endothe- 
lium, and new capillary vessels were gi owing from the endothelial lining 
of the space and fiom the broad pedicle of the thrombus out into the 
fibiin netwoik The pi ohfei ation of fibroblasts was advancing with 



Fig 6 — High power photomicrograph taken three weeks after thrombosis 
Organization is proceeding from the old intima Large spaces are seen lined with 
endothelium and containing fresh blood 


the new capillaiy vessels Many of the new blood vessels were rela- 
tively large and all contained fiesh blood cells 

Three weeks aftei thrombosis, the centei of the thrombus was still 
composed of masses of hyaline, faintly staining led blood cells There 
were faiily large lacunai spaces at the periphery of the thrombus, lined 
with endothelium and filled with fresh blood The new vessels gi owing 
fiom the mtimal surface of the vessel penetrated for some distance into 
the thrombus and were accompanied by fibroblasts (figs 5 and 6) 
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Five weeks aftei thiombosis, the thiombus v/as invaded fiom almost 
all portions of the intimal sin face of the lumen by small capillai) ves- 
sels Fibioblastic probfeiation had taken place and foi ovei half the 
circiimfeience of the wall of the vessel definite oiganization had advanced 
a shoit distance into the thiombus A bridge of organized fibioblastic 



Fig 7 — Low power photoinicrograph taken five weeks after thrombosis Par 
tial organization is seen advancing from the peripher\ and from the organize 
vascular fibrous bridge There is a small central “\” shaped lumen lined 
endothelium One large lacunar endothelial lined space is seen To the left t le 
unorganized thrombus shows signs of apparent softening 

tissue with numeious small blood vessels bisected the lumen ot ibc 
Aessel (figs 7 and 8) 

Eight weeks after thi ombosis, complete oi gamzation had taken place 
The site of the pievious intimal coat was maiked bi newF formed tusi 
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Fig 9 — Low power photomicrograph taken eight weeks after thrombosis Tlie 
lumen is reestablished and the remains of the thrombus are seen as an organized 
mural thrombus with one small pedunculated mural thrombus 


irregular lumen about one-third the size of the original lumen, it 
lined witli endothelium and its walls were foimed b> the fibrous granti 
lation tissue of the organized thrombus (fig 9) A pedunculated mura 
thrombus could be seen 
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Eight weeks after thiombosis, the fatty tissue about the adventitia 
had aieas of dense peiivascular lound cell infiltration The muscularis 
of the media had numeious small blood vessels penetiating the ciiculai 
muscle in an oblique diiection The old intimal margin maiked the 
beginning of a vascular giaiiulation tissue Numeious blood spaces 
lined with endothelium and containing fiesh blood had appealed One 



Sinuses and lacunar spaces are seen A large eccentric lumen is lined with endo- 
thelium, contains fresh blood, and apparently was formed by absorption of a soft- 
ened portion of the thrombus 

laige ciiciilai blood space, a fifth of the size of the old lumen, was 
patent (fig 10) 

Thiee and one-half months following thrombosis with sodium chlo- 
iide 30 pel cent and dextrose 50 per cent, theie was a piolifeiative 
endovenitis concentiically nai rowing the vessel lumen b} about one- 
fifth The lemaining foui fifths of the lumen contained fiesh red 
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blood cells Theie was a definite laying down of fibious tissue along 
the delicate new blood A^essels, and fiesh red blood cells weie found 
between the meshes of the fibi ovasculai tissue Theie was a maiked 
peiivenitis with pionounced peiivasculai lound cell infiltiation in the 
adventitia and suiiotinding fat (fig 11) 

Fom and one-half months following thioinbosis with 30 pei cent 
sodium chloride and 50 per cent dexti ose, the adventitia showed* a mod- 
el ate peiivenitis The lumen of the vessel showed fibiosing endovenitis 
with scanty small blood vessels which nan owed the lumen by about 
one-fouith Theie was one pedunculated muial thiombus fixed b^ a 
bioad base which showed paitial oiganization The leinaiiiiiig thiee 
fouiths of the vessel lumen was patent and contained fiesh blood 
(fig 12) 

Nine months aftei injection with sodium salicylate, complete oigan- 
ization and fibiosis of the thiombus had occuned The stiands ot fibious 
tissue and nuclei weie aiianged in a ladial diiection fioin the centei 
of the lumen, and onlj^ small blood vessel sinuses weie seen, with a tiin 
cential lumen This patient had had three opeiations for vaiicose veins, 
and the i^essel thiombosed b)'- injection was a single, isolated vessel uin- 
ning between the scais of pievious opeiations 

Ten months after thiombosis with 20 pei cent sodium chloiide, the 
wall of the vessel still showed the site of the old intima maiked b} the 
beginning of a dense fibious tissue with the fibiin bundles and nuclei 
pointing towaid the lumen At the junction of the old intima and the 
fibious tissue, theie weie numeious vessels and small blood sinuses A 
good sized lumens about one thud of the old lumen in calibei was lined 
with endothelium (fig 13) 

REPORTED RECURRENCES 

In the extensive hteiature on the tieatment of vaiicose leins b\ 
injection, most authois have diiected their attention to the method ot 
accomplishing the thiombosis the solution advocated and the question 
of embolism Scant notice has been given to encl-i esults, and ten 
studies are available P Lmsei - and Ziin® in lejwiting the i esults 
obtained at Linsei’s clinic fiom 1916 to 1925, m ovei 1,300 cases tol 
lowing the injection of meicuiic chloride, do not piesent a tollow-up 

2 Linser, P Ueber die konservative Behandlung der Vancen Med Kim 
12 897, 1916, Die Behandlung der Krampfadern mit Sublimatemspnt/ungeii un 
ihre Erfolge, ibid 17 1445, 1921 , Die Behandliiiig der Varizen mit kunstliclie 
Thrombosierung, Deniiat Ztsclir 45 22, 1925 

3 Zirn, Camillo Die Behandliing der Krampfadern mit intra\eiiOien i> ' 
limatinjektionen, Dermat Ztschr 23 650, 1916, 'Mmicben med M chnsc ir 
382, 1919 




Fig 11 — Low power photomicrograph taken three and one-half months after 
thrombosis The vessel lumen is narrowed by an organized vascular mural 
thrombus The lumen is patent and contains fresh blood 




Fig 12 — Low power photomicrograph There is an organized vascular mural 
thrombus narrowing the vessel lumen 
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study of then cases They mentioned that they have many eaily cases 
in which the patients aie fiee from complaints foi several years and 
are able to work, and that fiom three to four years after injection the 
patients may show lecurrence in collateials m the veins that have not 
been tieated, but that the treated veins have disappeaied oi aie palpable 



Fig 13 — Low power photomicrograph taken ten months after thrombosis 
The site of the old intima marks the origin of an irregularly festooned nuira 
thrombus The organized thrombus still contains numerous blood lesseis 


as thin cords K Linsei/ after two yeais’ experience with sodium 
chloride, did not mention lecurrences and presented no survey of the 

4 Linser, K Zur Behandlung der Vanzeii mit Intravenosen Injektionen 
Munchen med Wchnschr 71 515, 1924, Die Behandlung der Krampfadeni m 
intraiankoseii Kochsalzmjektionen, Dermat Wchnschr 81 1345, l92i 
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final lesults Hemple'^ expressed the belief that not sufficient tune has 
elapsed to judge of the permanency of the lesults and stated that collat- 
erals developed in 12 per cent of his cases Fischer,® who used mer- 
curic chloride, had a number of patients in whom for from three to five 
years aftei tieatment one was able to feel thrombosed cords, and who 
were free from symptoms He gives no statistics as to permanency of 
results Using calorose, an invert sugar, NobU of Vienna obtained 
excellent results m 90 pei cent of 200 cases, but neglected to mention 
lecuirences or the time of obseivation Sicaid and Paraf,® using 10 per 
cent sodium carbonate in 1917 and 1918, then changing to 20 to 40 
pei cent sodium salicylate, have treated seveial thousand patients No 
follow-up studies are made available Bazehs ® stated that after three 
yeais' expeiience with Sicard’s method, no recurrences of veins or 
ulcers have been observed Delater’^® laid the blame for recurrences 
on endocrine disorders, but he failed to state the number of lecuirences 
or the endocrine factors involved In 500 cases observed over three 
fourths of a }ear, Meisen observed no recurrences Forestiei 
based his results on more than 4,000 injections of sodium salicylate and 
found 15 per cent recurrences with new vai ices, not of the old obliterated 
veins Sodium chloride in 20 per cent solution gave Goodman^® from 
10 to 15 per cent of recurrences The time of observation is not stated 
Woolsey and Millznei treated over 150 patients with 20 per cent 
sodium salicylate and with quinine and methane with 6 per cent recur- 

5 Hemple, Curt Erfahrungen nut Subhmatinjektionen bei Vanzen, 
Munchen med Wchnschr 71 900, 1924 

6 Fischer, Carl Ueber Behandlungen der Krampfadern mit SubUmatin 3 ek- 
tionen nach Linser und uber Behandlung der Bemgeschwure, Wien klin Wchn- 
schr 35 11, 1922 

7 Nobl, G Zur kunsthchen Thrombose der Vanzen, Wien khn Wchn- 
schr 31 295, 1918 

8 Sicard, J A , and Paraf, J Traitement des varices par I’lnjection intra- 
vanqueuse de carbonate de soude. Bull et mem Soc med d hop de Pans 44 
1369, 1920 Paraf, J , and Lermoyez, J Traitement des \arices par les injections 
phlebosclerosantes de salicylate de soude, Gaz d hop 95 1573, 1922 

9 Bazehs, kl Traitement des varices par les injections intrar ariqueuses, 
Presse med 32 358, 1924 

10 Ddater, G Pibrose curative des varices, Presse med 34 693, 1926 

11 Meisen, V Injection Treatment of Varicose Veins and Their Sequelae 
On Basis of 500 Treated Cases, Acta chir Scandinav 62 17, 1927 

12 Forestier, J Avarices of Lower Limbs Treatment by Obliterating Injec- 
tions Based on Experience with More Than 4,000 Injections, J A M A 90 1932 
(June 16) 1928 

13 Goodman, C Treatment of Varicosities of Lower Extremities, Internat 
Clm 4 284, 1928 

14 Woolsev, J H, and ilillzner, R J Varicose Veins Their Chemical 
Obliteration, California & West kled 30 325, 1929 
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lence in less than foniteen months’ tune In sixty-fom cases in which 
40 pel cent sodium salicylate was used, twelve, or 18 pei cent, showed 
lecunences m fiom thiee to five months as lepoited by Coopeiman^= 
Kilbouine^'’ concluded fiom the answeis to his questioiinaiie that the 
recuiience late is about 6 per cent and quoted Delator as having 5 pei 
cent lecunences aftei five yeais From a communication fiom Sicaid’s 
clinic, he is mfoimed of 1 per cent recuiiences at the site of injection 
and 4 pei cent new vaiices m 15,000 cases McPheeteis,^^ who has 
published extensivel}'’ on the subject, faded to mention the peicentage 
of lecunences m Ins cases, and he is content to state in his monograph 
that patients are asked to letuin in fiom six months to a yeai, when 
new AJ^aiices that have appealed may be leaddy tieated The most sat- 
isfactoiy studj’- of the tieatment of vaiicose veins by injection that has 
appealed is the woik of De Takats’^® The last of his senes of pajiers 
dealing with the subject gives the lecunence late at 10 8 pei cent in 
389 cases He has used the injection method foi thiee yeais and com- 
bines injection with ligation and excision of the saphenous vein in mid- 
thigh when it is visiblj dilated De Takats stated that “leciiiiences 
weie obsei\ed as eaily as six weeks, and as late as a yeai aftei injection 
\Vhile It was impossible to leexamme all dischaiged patients, they weie 
loutiiiely asked to letuin everj'' thiee months It is probable that a 
compai atn^el}' laiger numbei of patients with failures letuined than 
those cuied ” Oui expenence does not beai out this last statement, foi 
those patients who lefused to letuiii foi obseivation because they con- 
sideied themselves cuied invariably had lecunences when we examined 
them at home 

COMMENT 

The lesults of our follow-up examinations with the microscopic 
studies of the fate of theiapeutic thiombosis convince us that tieatment 
by injection unaided by ligatuie, excision oi stiipping of mam venous 
channels, and peifoiatmg veins when incompetent, will not serve to 
obtain peimanent cuie m cases of vaiicose A^eins except in the few iso 
lated cases of dilated single veins wuth competent saphenous and pei 
foiatmg A^alves The micioscopic studies of veins into wdiich injection 
has been made have shown the iiatuial histoi}'" of the thiombus in iCj^ar 

15 Cooperman, M B Injection Treatment of Varicose Veins, M I & Rcc 
129 541, 1929 

16 Kilbourne N J Treatment of Varicose Veins of the Legs Consicera 
tions of Safeti, JAMA 92 1320 (April 20) 1929 

17 McPheeters, H O Varicose Veins, Philadelphia, F A Dans i 

pany, 1929 Vnn- 

18 De Takats. Geza, and Quint, Harold The Injection Treatment o 

cose Veins, Surg Gvnec Obst 50 545, 1930 
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to its organization, that is, vascularization and lecanalization, a fact so 
well known to pathologists and so tersety desciibed in the classic article 
of Welch on thrombosis and embolism as follows 

One of the most interesting adaptive pathological processes is the so-called 
organization of thrombi vhich is the substitution for the thrombus of vascularized 
connective tissue The thrombus itself takes no active part in the process, but 
behaves as a foreign body It is graduallj disintegrated and absorbed, largely 
through the activity of phagocjtes The new tissue springs from the wall of the 
vessel or the heart, the tissue forming cells being derived from the endothelium 
and from other fixed cells in the wall New vessels spring from the vasa vasorum 
Lacunar spaces in the thrombus, or between the thrombus and the v^ascular wall, 
may become lined with endothelium, and also serv'e as channels for the circulating 
blood These new vessels ma 3 ' establish communication with the lumen of the 
thrombosed vessels above or below the thrombus or on both sides The new 
tissue which at first is rich m cells, becomes fibrous and contracts The result 
may be a solid fibrous plug, or a cav ernous structure vv ith large blood spaces , 
or, by disappearance of the septa, a restoration of the lumen, with perhaps a 
few fibrosed threads or bands stretching across it, as in the normal cerebral v enous 
sinuses 

The restoiation of the lumen is the most frequent end-result in 
thiombosed veins that are subject to constant back pressure eithei 
through the proximal unthrombosed saphenous tein or the peifoiating 
veins by then communication with the deep set, when the valves of 
these veins are incompetent This piinciple has caused De Takats to 
ligate the saphenous vein when it is palpable above the midthigh, in 
addition to causing thiombosis by injection of the distal veins and to 
urge the complete reniov^al of the mam saphenous v^ein with eradication 
of the peiforating branches, vvdien both sets of valves aie found incom- 
petent Sev’^eial workers, especially Tavel and Moszkowicz hav'e 
ligated the saphenous v^ein at or near the fossa ov^ahs preliminary to 
injection, but with the puipose of prev'^enting embolism lather than 
piev’^entmg recmrence, and credit should be given De Takats for for- 
mulating the particular plan of ligation and injection for more perma- 
nent relief from varicosities 

The most successful treatment of v^ancose v^ems b} the methods 
available at the present time is by operation with removal of the saph- 
enous segment from the fossa ovalis to the knee and eradication ot the 
dilated v'^eins below this point at a time vvdien the perforating vaDes aie 

19 Welch, W H Thrombosis in A.llbutt, Clifford, and Rolleston H D 
A. Sjstem of j\Iedicine, ed 2, New York, The klacmillan Companv 1909, vol 6 
p 701 

20 Tavel E Die kunstliche Thrombose der Variccn, Berl khn Wchnschr 
44 181, 1907, Die Behandlung der Varicen durch die kunstliche Thrombose 
Deutsche Ztschr f Chir 116 735, 1912 

21 iloszkovv icz, L Krampfaderbehandlung mit Zuckermjektionen und 
Venenhgatur, Zentralbl f Chir 54 1732, 1927 
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still competent and ulceration, eczema and edema are yet undeveloped 
For permanent results, such a proceduie can have no substitute Far 
too frequently incomplete measures, such as ligation, ligation with exci- 
sion of small vein segments oi multiple small excisions are carried out 
The experience of the past has shown that these measuies are often 
unsatisfactoi)^ In spite of this the same pioceduies are carried out 
because of then lelatn^e ease, the patient’s fear of extensive operations 
or their abhorrence of extensive scars and especially because of economic 
factois that pi event piolonged hospitalization 


SUGGESTED INDICATIONS FOR COMBINED INJECTION AND EXCISION 

It IS distiessing that the majoritj’- of sufferers from varicose diseases 
are small wage earners or ovei worked housewives whose family 
resouices pi event both hospitalization and means of care for their 
children while under tieatment (an obstacle of some importance) The 
economic factors will man)'^ times determine in the future, as it has in 
the past, the available method of treatment It is in this particular 
situation that the treatment of varicose veins b}^ injection has proved 
of real value in obtaining i elief from csuffering and in maintaining 
abilit}’- for productive labor in persons pressed for available time for 
treatment and lacking financial resouices to secure adequate early treat- 
ment for permanent relief With the attitude of adopting the best 
aiailable method to the particulai case under the economic circum- 
stances and using the method of complete operation when possible, we 
suggest the following indications 

1 When single or isolated dilated vein segments exist in the pres- 
ence of completely competent valves, symptoms are rarely piesent 
People piesentmg themselves for treatment of such varices do so 
mainl} for cosmetic reasons Tieatment by injection may be employed 
entirely 

2 If the patient has modeiate dilatation or tortuosity of the saph- 
enous system, provided that the perfoiating valves are competent, inter- 
ruption of the venous continuity at the saphenous opening, with injection 
into the veins below, may be earned out The interruption of the 
venous flow may be b} ligature vith excision of a segment of the "vem 
undei local anesthesia, and the treatment may thus be entirel} ambulator\ 
Such a procedure has been successfully carried out by De Takats mt j 
promise of lasting results Tavel utilized this method m 1905, an 
noticed that in seien of twenty-five cases spontaneous thrombosis 
occurred distal to the ligature and apparently pennanent cure resulte 
Instead of making an injection into the veins distally after an mterva 
of several da}s following the high excision, as is usually done, ene mas 
make the injection into the leins in the vound at the time of opera ion 
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It should be emphasized that hgatuie and excision should be done 
at the lossa ovahs and all tiibutary vessels empt)ing into the saphenous 
\ein at this point should be ligated and cut acioss as well A double 
saphenous vein may be present in the thigh and midthigh ligation of a 
single vein may fail to give additional benefit The group of superficial 
tributary veins emptying into the saphenous vein at the saphenous open- 
ing aie known to have caused recurience by opening up of collateral 
channels following opeiative excision when these tributaiy veins were 
not ligated 

Perhaps a more peimanent wa}^ of inteirupting the back pressure 
would consist m stiippmg the saphenous veins from the femoral opejmng 
to the knee and making the injection into the veins below this point 
The pioceduie need not necessitate prolonged hospitalization As De 
Takats pointed out, the endeavor is to prevent thrombosis and conse- 
quent embolism from the deep and pioximal veins by early mobilization 

3 When varicose veins are accompanied by mcompetenc)’- of both 
saphenous and perforating valves, the complete operation of stiippmg 
with excision should he earned out at the expense of temporary loss 
of time fiom employment It is in this type of case that we feel 
1 ecanahzation will occur in spite of complete and repeated thrombosis 
and that complete mteriuption of the continuity of the vein is necessar} 
Injection into the isolated vein segments may follow such an operation 

4 Those people are poor subjects foi operation who have long- 
standing vaiicosities with incompetency of both sets of valves and who 
have extensive chronic ulceration, eczema and a haid, brawny lymph 
edema approaching the elephantoid condition The swollen, induiated 
tissues of the leg hide numei ous venous channels and dilated pei f orating 
veins which aie extremely difficult to eiadicate, and in this type of 
patient the operative results aie not biilhant Such patients are con- 
sideiably improved but not cuied by injection Injection should be 
supplemented by the use of sulphurated zinc paste stockings, rest m bed 
and elevation oi skin giafting to hasten healing of ulcers The edema 
subsides lemaikably but not completeljq even under ambulatoi}'^ treat- 
ment. and with the subsidence of the edema the hidden veins become 
visible 01 paljDable and can be tieated by injection With recurrence of 
vaiicose veins such a patient must receive another injection to hold the 
impi ovement gained 

5 Following appaiently complete opeiatne excision, varicosities 
sometimes make their appeal ance When this occurs, the new veins 
aie iiiegulai in then distribution and m their connection vith the deep 
set and offer a considerable obstacle to complete reexcision This t3"pe 
of \ein maj" be pioperly tieated b^ injection, which will probablv ha^c 
to be lepeated 



376 


ARCHIVES OF SURGERY 


SUMMARY 

In sixty-six patients tieated foi vancose veins by the injection of 
20 pel cent sodium chloiide, we have been able to leexamine ioitj-iniie 
a year oi inoie aftei tieatment 

On leexainination, foity-eight of the foity-nine patients shoved 
lecuiience of then pieviously thiombosed veins Four additional 
patients weie known to have had eaily lecuiience, but could not be 
located aftei a yeai 

The lecuiience late is 79 pei cent of all patients tieated, oi 98 pei 
cent of all those we have followed a year or inoie 

In contiast, foit 3 '’-nine had paitial oi complete lelief fioin s\mp- 
toms attiibuted to the vaiicosities, twenty-eight of these patients being 
completely leheved fiom all S3mptoms 

Recun ence of veins thiombosed by injection was found to take place 
by lecanalization, a natuial pathologic i espouse to thiombosis 

The inteiiuption of the continuity of the vein b 3 '’ excision especialh 
in the piesence of incompetent saphenous or peifoiatiiig valves is held 
to be vital m secuimg moie peimanent lesults 

Indications foi combining excision with injection aie suggested in 
an effoit to affoid peimanent fieedom fiom lecunence in pei sons who 
cannot affoid, or leject, the complete excision of vancose veins 



THE FORiMATION OF BONE UNDER THE INFLU- 
ENCE OF EPITHELIUM OF THE URINARY 
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The lelative fiequency of stones composed chiefly of calcium and 
phosphoius in the uiinary tract as compared with then occuiience in 
other excretory systems such as the lowei intestine, biliaiy and pan- 
el eatic systems and the sahvaiy glands has made a study of the local 
metabolism of these elements by the uiinary tract of some importance 
I ^ hai e indicated elsewhere in a preliminary repoi t the rather unex- 
pected action of the urinaiy tract on certain connective tissues in the 
pioduction of bone These observations will be discussed in detail in 
this aiticle, and furthei observations relative to osteogenesis will be 
pi esented 

The presence of bone elsewhere than m the skeleton has been of 
considerable interest to the students of osteogenesis An extensive 
hteiatuie dealing with this subject exists, of which a few striking 
examples may be cited Appaiently the most frequent site of hetero- 
plastic bone IS the sclerotic arteiy,- next in order possibh comes cal- 
cified foci in the lung, and it is not infrequently seen m the dura mater ® 
Not rarely it forms in the eye* following severe destructive processes 
It has been described in squamous carcinoma of the skin ^ and in car- 
cinoma of the breast, in the fallopian tube,® hmph nodes, tonsils and 
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hvei, in fibiomyoma of the uterus and in lapaiotoin> scars' It has 
been stated® that an)'’ aiea of calcification is likely to be replaced b} 
bone no matter -what tissue is involved 

New foimation of bone occasionally occurs in the uiinary tract in 
man or in connection with urologic procedures Bone was fiist desciibed 
in the pedicle attachment of a renal calculus to the pelvis by Phemister,® 
in two cases It has been described in the abdominal wall following 
operations on the bladder by Lewis and others Chauvin and Rous- 
lacroix described five cases of ossification observed by them in three 
years, subsequent to c} stotomy, m the abdominal v all 

BONE FORMATION IN THE URINARY TRACT UNDER 
EXPERIMENTAL CONDITIONS 

Blessig first observed calcification m the kidney of labbits killed 
from four to six days after ligation of the left renal artery Salkovsky 
( 1866 ) described calcium deposits in the kidney of rabbits poisoned 
with mei curie chloiide, this has been confirmed by many observers^' 
Litten and others have desciibed extensive calcification m the kid- 
ney, legularly following temporal y arrest of the renal cii dilation A 
demonstrable deposition of calcium may be present as early as thnty- 
six houis after a tempoiar}'- anemia of one hour The calcification 
occurs m and around necrotic tubules chiefly m two zones, one beneath 
the cortical surface and the other at the base of the pyramids Wells 
stated that calcification produced by temporal y anemia as well as by 

7 Lewis, D Mi'csitis Ossificans, JAMA 86 1281 (Mav S) 1923 
Gruca, A Mj'ositis Ossificans Circumscripta, Ann Surg 82 8S3, 1925 

8 Wells, H G Chemical Patholog}’’, ed 4, Philadelphia, W B Saunders 
Company, 1920, p 439 

9 Phemister, D B Ossification in Kidney Stones Attached to the Renal 
Pehis, Ann Surg 78 239, 1923 

10 Lewis (footnote 7, first reference) 
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tomy, J Urol 20 477, 1928 
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15 Litten, M Ueber pathologische Verkalkiingen und Kalkmetastascn \ ir 
chows Arch f path Anat 83 508, 1881 
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ceitain poisons is probably analogous to calcification of oiganic inateiial 
in urine rather than calcification of tissues with lime salts diiect fiom 
the blood, since the epithelium and tube-cast deposits seem to contain 
calcium only as phosphate with no demonstrable carbonate When the 
necrosis and calcification involve interstitial tissues, carbonate can be 
demonstrated 

An important experiment leading to the formation of bone and 
bone-mairow in the kidney through permanent ligation of the vascular 
pedicle was reported b}- Sacerdotti and Frattm m 1901 These 
observers described bone occurring in three of four rabbits from 
seventy-four to eighty-five days aftei ligation In two cases the ureter 
was also included m the ligation In one expeiiment at autopsy, some 
of the pelvis epithelium persisted, and bone formed m spite of the 
ligation of the uretei , m the other no bone was formed, and the pelvic 
epithelium had completel}' disappeared Poschansslc)’- * found bone m 
thiee of five animals in which the lenal vessels had been tied Maxi- 
mow found bone as eaily as five weeks aftei ligation of the renal 
pedicle and desciibed the process in connection with his studies on 
histiogenesis of blood cells Liek-® confiimed the foregoing observa- 
tions in a series of sixteen labbits, m foui of which he had made a 
high ligation of the ureters as well as of the vasculai pedicle No bone 
formed m the latter foui He stated that the necessary requirements 
for bone formation, namely young connective tissue near calcium 
deposits, were met following renal pedicle ligation and commented on 
the relation of the bone to the persisting pelvic epithelium but did not 
associate the two factors 

This problem has been studied m great detail fiom a histiogenetic 
standpoint by Asami and Dock All observei s have noted that bone 
occurs m thin lamellae m the connectn'^e tissue immediately beneath the 
mucosa of the renal pelvis, and, if of any extent, is exactl}'^ paiallel to it 
It IS never found in the scai tissue of the renal cortex, although calci- 
fication IS constantly present in this location All authors have stiessed 
the concept of metaplasia of connective tissue into bone through some 
unknown influence Asami and Dock concluded “that bone formation 
in the kidney with ligated pedicle takes place in three ways (a) through 

18 Sacerdotti, C , and Frattm, G Ueber die heteroplastische Knoclienbildung 
Arch f path Anat u Phjsiol 168 431, 1902 

19 Maximow, A Ueber expenmentelle Erzeugung ion Knocheninarks- 
Gewebe Vorlaufige Mittleilung, Anat Anz 28 24, 1906 

20 Liek, E Expenmenteller Beitrag zur Frage der heteroplastischen Knoch- 
enbildung, Arch f klin Chir 80 279, 1906, Ein iieiterer Beitrag zur heteroplas- 
tischen Knoclienbildung in Nieren, ibid 85 118, 1908 

21 Asami, G , and Dock, W Experimental Studies on Heteroplastic Bone 
Formation, J Exper Aled 32 745, 1920 
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the activity of }oiing fibroblasts which accumulate to form a iiieiii- 
biane-hke stiuctuie (lesembhng periosteum), (b) subsequently h\ 
direct ossification of h} aline connective tissue in continuity with pre- 
paied bone, (c) thiough eiosion of lime plaques and laying down of 
lamellai bone by cells derived from fibi oblasts (osteoblasts) ” 

Peaice-- obseived bone formation following excision of the lovei 
pole (appioximately one-half) of the kidney with sutuie of the defect 
m SIX of nineteen kidneys Bone developed in connection with epithe- 
lial buds of the pelvic mucosa He commented “Foi this peciiliai 
localization theie is no explanation” 

I have obseived bone foimation beneath the pelvic mucosa in tuo 
of thiee dogs foity days following fulguiation of the renal pelvis with 
an electiical cuiient of high fiequency This was obseived once fift}- 
two days following the application ot 95 per cent phenol 

Strauss'^ obseived the formation of bone m experimental lecon- 
stiuction of the uietei in dogs by means of a modified end to end 
sutuie of a pedicle flap consisting of the tiansversahs muscle, fascia 
and the peiitoneum to the ends of the divided uretei He stated that 
the peiitoneum became replaced by tiansitional epithelium and the trans- 
vei sails fascia by bone, and he thought that possibly the tissues became 
mfiltiated with acid fiom the mine which caused sclerosis and was 
follow^ed b} bone foimation 

BONL FORMATION IN THE URINARY BLADDER 

Neuhof,-'^ in a study of fascia transplantation into vesical defects 
in eighteen dogs, obseived that bone constantly developed in the sur- 
face of the fascial patch boi dering on the mine and was invaiiabl) 
confined to this fascia His opinion ivas that bone foimation could 
be explained only by a metaplasia of connective tissue, and that the 
genesis of this bone depended on the deposition of lime salts in the 
neciotive tissue of the fascial patch in contact ivith the mine Appar- 
ently, he felt that an imbibition of calcium salts took place which stimu- 
lated the smiounding connectnfe tissue to build up the most powerful 
baiiiei possible, that is, bone Caitilage w^as found once in these 

expel iments , 

This expel iment of Neuhof w^as lejieated, and the obseivation o 
bone was confiimed by Phemistei ® wdio extended his obseivations to 

22 Pearce R ]\I Notes on the Later Stages of the Repair of Kiclne\ Tiss 

(Dog) with Special Reference to Proliferation of Pelvic Epithelium anc 
plastic Bone Formation, J jM Research 20 S3, 1909 i -ii 11 

23 Strauss, A A An Artificial Ureter Hade from the Abdominal \a 

Siirg Gvnec Obst 18 78, 1914 ^ Gmkc 

24 Neuhof H Fascia Transplantation into Visceral Defects, hnr^ 

Obst 24 383, 1917 
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the labbit and sheep, which are herbivoions animals with alkaline mine 
as opposed to the acid urine of the dog In these animals the fascial 
patches m vesical defects did not ossify, and he felt that the acid 
leaction of the dog’s urine had something to do with the formation of 
bone 

Concerning Neuhof’s expeiimental observations, Leiiche and Poli- 
cai d commented “In certain places but on the bladder particularly, and 
constantly the aponeuiotic giaft gives rise to a plaque of true bone It is 
easy to leconstruct the progiess of these phenomena In contact Avith 
the calcaieous mine, the fascia necroses and is calcified Aiound the 
bordeis of the old transplant, a proliferating tissue is formed In 
proximity to a calcium collection, it ossifies It is ahvays the same 
fundamental process And these expeiiments undei taken without pre- 
conceived ideas aie a rigorous demonsti ation of the mechanism which 
we have advanced ” 

Thus it Avill be seen that certain clinical and expeiimental observa- 
tions relative to the formation of bone m connection with the kidney 
pelvis, meter and bladder have accumulated The pathogenesis of this 
bone was unknown The following experimental work was undei taken 
m an endeavoi to thiow some light on this phase of the subject as well 
as on the geneial subject of bone formation 

Axhausen ti ansplanted the gastric and vesical mucosa to the 
peritoneal caAuty m sixteen dogs The transplants weie made to the 
outside of the stomach or bladdei and lasted from fouiteen to seventy 
days At autopsy he described the formation of cysts lined by epi- 
thelium The fluid m the cysts lined by mucosa of the bladder Avas 
dark red, sanguineous m color, as opposed to the light opalescent fluid 
m gastric cysts Bone Avas apparently not observed, for it is not men- 
tioned m this article 


EXPERIMENTAL OSTEOGENESIS 

Dogs Avere used throughout the experiment, except when otherwise indicated 
The surgical procedures Avere carried out under aseptic precautions, ether anes- 
thesia being used Whenever transplantation of tissue Avas done, this Avas auto- 
transplantation The animals Avere kept on a varied stock diet The AA'ounds Avere 
sutured Avith 00 Avhite silk throughout 

Experiment 1 — This Avas a critical experiment to ascertain Avhether the urine 
played a role in the formation of the bone in the fascial transplants to the bladder 

The abdomen AAas opened, both ureters AAere isolated and through a stab 
incision Avere transplanted to the skin in the groin just aboA'e the inguinal ligament 

25 Leriche, R , and Pohcard, The Normal and Pathological Pin siologA 
of Bone, Translated by Moore and Kca, St Louis, C V MosbA CompinA, 1928 
p 194 

26 A.xhausen Die freie Schleimhautuberpflanzung im Experiment \rch f 
khn Chir 102 121, 1913 
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The dome of the bladder was then opened and dried with gauze A circular piece 
of fascia 2 cm in diameter from the anterior sheath of the rectus muscle was 
then sutured to the edges of the opening in the bladder with a continuous silk 
suture (fig 1) 

After fifty-fi\e days, the specimen was removed, and along the intravesical 
portion of the graft a dense button of bone was found strictl> confined to the 
fascial transplant The transplant was dimpled 

fificroscopic examination (fig 2) showed that the surface of the fascial trans- 
plant was covered with the transitional epithelium of the bladder Beneath the 



Fig 1 — Diagram to illustrate experiment 1 m which following bilateral 
ui eterocutaneous anastomosis, fascia was transplanted to the dome of the bladder 


epithelium, but separated from it by a small amount of areolar tissue, there wa 
bone m parallel anastomosing plaques with ha\ersian canals containing 
marrow, connective tissue and blood vessels On either side of the transp ant a 
its junction with the wall of the bladder, there had been an ingrowth o 
cells in the form of finger-like processes continuous wnth the epitlielia mWa 
the bladder and the transplant In the transplant adjacent to 
many places, there were islands of bone (fig 3), but in the wall o tie 
adjoining this epithelial inimsion, there was no bone in an\ of the 
obser^ ation is of considerable importance, as wall be seen subsequent } 




Fig 2 (dog 337) — Bilateral ureterocutaneous anastomosis, following w'hich fascia was transplanted 
to bladder Epithelium covers the transplant, beneath which there is bone formation An epithelial 
dowmgrowdh (A, A) is showm at the junctions of the musculature of the bladder and fascia transplant 
Notice that bone (B) occurs only in the transplant There is no bone on the bladder side ot these 
epithelial processes 



Fiii 1 (doc: 3v si\t\ d-i\= experiment 1) — \t the junction of the fascial transplant ( 1, 1) nd 
iIk wall oi the bladder {B B), an epithelial downgrowth (C) has occurred Note that the bone (D) 
ociurs onh in the fascia and not on the bladder wall cide oi the epithelial proce=s X 110 
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was covered with large numbers of the cells commonly called osteoblasts, indi- 
cating an advance m the osteogenetic process Wherever there was an island of 
bone, there was an area of vesical epithelium in the immediate vicinity However, 
the converse does not hold, for in some of the sections islands of epithelium were 
seen without accompanying bone 

This experiment was repeated in three dogs, with the same results , it estab- 
lished conclusively that urine is not a factor in the production of bone m tins 
location 

Experiment 2 — Since the urme is not a factor m the osteogenesis in fascial 
transplants to the urinary bladder, the bone must arise from some anatomic abnor- 
mality such as poor circulation or from the influence of some intrinsic element in 
the wall of the bladder acting on the connective tissue This experiment was 
devised to attempt to determine which of these factors was responsible for the 
osteogenesis 

The abdomen was opened, and a cncular area of the muscular coat of the 
bladder was removed intact by sharp dissection from the smooth glistening mucosa 
When this had been done, the shining mucous membrane was moistened with 
saline, and the remaining filaments of cottony connective tissue were removed as 
far as possible All this was done without opening the lumen of the bladder The 
mucosa was then incised, and the area of denuded epithelium (2 cm in diameter) 
w'as excised and transplanted on the sheath of the right rectus abdominis muscle, 
where it was sutured in place with a continuous suture of silk Similarly, on the 
sheath of the left rectus muscle the remaining elements of the wall of the bladder, 
free from epithelium, were sutured in place The incision in the bladder was 
then sutured After sixty days, the first animal was killed 

In the right rectus sheath, a cystic structure was found The superficial aspect 
of the cyst was covered with bone, whereas the deep surface w^as soft, w'as free 
from bone, and fluctuation could be demonstrated The cyst was opened, and 3 cc 
of blood-stained fluid was removed Microscopic examination of the cyst (fig 4) 
showed It to be lined by transitional epithelium, histologically not different from 
that of the bladder Surrounding one surface of the cyst (that nearest the skin), 
there wms a plate of bone consisting of anastomosing plaques of living bone w'ltli 
fibrous and hemopoietic marrow in the haversian canals At either end of the 
cyst (fig 5) there were finger-hke projections of epithelium that were completeh 
surrounded by bone 

In the left rectus sheath, no bone w'as found, and it was impossible to 
mine accurately the site of the transplant except by the presence of the si 
sutures 

This experiment has been repeated fortv-four times with essentially the same 
results bone is present in close relationship to the epithelium wdnch has forniec 
a cyst, the bone never completely surrounds the cj"st (fig 4) The presence 
epithelium is necessary for the formation of the bone The bone m a t le 
experiments formed superficial to the cyst Bone never forms m association 
the fibromuscular elements of the wall of the bladder and invanab j orms 
association with the epithelial transplants, provided the animal lives twentj 
or more In several instances, marked infection of the wound occurre , 
theless small areas of bone could ahvays be found on careful scare i c 
if the infection were to destrov the entire graft, no bone woul onn, lu 
never been observed The %esical epithelium is particularlv har \ anc 
for transplantation 






Fig 4 — Camera lucida drawing oi a mst resulting from transplantation of 
the mucosa of the bladder in rectus sheath illustrating the extent of the bone 
(fiftj-two dajs) T^plcal benign papilloma occurred three times in this series 
as at A 





Fig 5 (clog 74) — Mucosa of bladder transplanted to rectus sheath (si\tj-t\co 
dais) Bone has formed around several islands of mucosa (A) The island oi mucosa 
in the loner part of the section is entireh surrounded hi bone, nhereas the central 
ring of mucosa is onh parth surrounded , X 65 



lie 6 (doe 552) — M hole wall oi bladder t'-'>n‘=plantc 1 to rectU' '■i 
fue cHin) Epithelium bone "ind nvcia are 'honn b^lo Trie he ’t i' cjn 
to the newh lormed epithelium Noic haitr'''! c?eid' "^rd fibro^- 


i 1’ ( Ill'- 

ll ' ' jVet 


r a"r. 
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E\pcrimcnt 3 —A brief outline of the histogenesis of bone derived from blad- 
der transplants in connectne tissues is given 

In a senes of eight dogs, a circular area of mucosa of the bladder was denuded 
of Its muscular coat and transplanted as in experiment 2 The specimens uere 
excised at various time intervals for microscopic examination 

At seven and nine days, the epithelium was seen to have formed an epithelial 
lined spheroid containing fluid (fig 8) The newly formed epithelium was con- 
siderably lower than the transplanted epithelium and consisted of a single or 
double layer of flat or cuboidal cells At fourteen and sixteen days, the epithelium 
had formed its more characteristic appearance (fig 9), and it was difficult to 



Fig 7 (dog 74) — Transplant of mucosa of bladder to rectus sheath (sixti 
two dajs) Note relationship of epithelium (A) to bone Haversian canal witi 
hemopoietic marrow at 5, X 160 

differentiate between the newly formed epithelium and the transplanted 
At this period the connective tissue surrounding a portion of the c 3 St 
edematous, and under high magnifications the edema was fibrillarv in t\pe 
connective tissue W’as more eosinophilic and contained fewer nuclei t lan conn 
tissue surrounding other portions of the cjst and w^as presumabi} a pre-os 

stage in the process -.fbaccnt 

Nineteen da 3 S after the transplant, the first spicules of bone were seen ‘ ‘ 

to the newh formed mucosa In all transplants older than this, bone i 
stantly found in connection wuth the epithelial transplants, and it reac le 
about tw'O months after the transplantation 






Fig 8 (dog 595) — Epithelial lined C 3 'st resulting from transplantaf'"' -r”'- ^ 
of bladder to rectus sheath, nine daAS The newlj- formed epithelium V - 

of the cvst has been included in the photograph , X 43 



I'm (dosT — Miic<,i-a oi bladder tran^plantun 

1 he fihroi!^; ti'viie at J m cdcmatoii'- and eo-inophihc 5 --. 
than in tin fibrous tissue chi. \\ lure in the section p-f 
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The bone showed little tendency to atrophy and had been observed persisting 
as late as three hundred and sixty days after the transplant At this age, how- 
ever, the bone is not greater in amount than at sixty days 

The bone is typically lamella membranous bone with haversian systems and 
contains bone-marrow 

Experiment 4 Can the location of the bone which forms around a part of 
the circumference of the cyst developing after a transplant of the mucosa of the 
bladder to rectus sheath be altered^ 

An'b<z,rior 



End Result 


Bone /Bone 



Uaft Rt§bt 

Fig 10 — Diagram of experiment 4, with the result Above the wall of the 
bladder has been transplanted on the left rectus muscle so that tlie free surface 
of the epithelium is toward the peritoneal cavity, whereas the mucosa o tie 
bladder on the right, faces in the opposite direction toward the skin 
are illustrated the epithelial lined cysts which develop The bone on the e ^ 
IS situated on the deeper aspect of the cyst, as opposed to the right where it i- 
on its superficial aspect Bone ahvays forms in the region of the newF orme 
epithelium 

In this experiment mucosa of the bladder was transplanted to the 
the rectus muscle in two equal strips each about 2 cm in length 
sewed in the right rectus sheath so that its free surface (lntra^eslca 
faced in the direction of the skin as in experiment 2 On the left rectu« 

^\as sewed in so that its deep surface faced the skin, and its free suriace 
the peritoneal cavitj (fig 10) 
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At the end ot fifU da^s, the mmni \\as killed Each c\st was parth sur- 
rounded b^ bone The c\st which had formed on the right rectus sheath had 
bone coaenng its superhcnl surface, whereas that which had formed on the left 
rectus sheath had bone co\enng its deep surface (that is in the direction of the 
peritoneal caMt^) This experiment was repeated six times, with constant results 
The bone formed alwajs in the aiciniA of the newly formed epithelium rather 
than about the transplanted mucosa 

Experimext 5 — Can cists lined b} mucous membrane from tlie iirinan bladder 
be del eloped which will be surrounded cntircli bi bone’ 


Anterior 



£nd Result 



Tig 11 — Diagram illustrating the deposition of scrapings of epithelium ot 
bladder between the lajers of the rectus sheath, below a tipe of miiltilocular cist 
completelj surrounded bi bone, which resulted m one experiment at forti-nine 
dajs 


In this expeiiment the unnan bladder was opened through an incision in the 
icrtex, the outer portion of the anteiior sheath of the rectus abdominis was then 
split into Its two component laiers of fascia for a short distance The mucous 
surface of the bladder was then lightly scraped ivith a sharp knife, and the blood- 
scrapings thus obtained ivere deposited in the connective tissue enielop (fig 11) 
About one half of the bladder was thus treated, and the hiatus m the rectus 
sheath was closed b^ suture The bladder was then closed 
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The dog was killed after forty-nine days, an ovoid multilocular cyst 2 by 2 cm 
had formed which was completely surrounded by bone (fig 12) The cyst was 
filled with a dark brown serosanguineous fluid 

Microscopic examination showed that the mass was composed of two rather 
large cysts the bony walls of which were continuous In the bony walls of these 
large cysts there were numerous smaller cysts surrounded by bone (fig 13) All 
of these cysts were lined by the mucous membrane of the bladder, which in most 
places was much thinner than that found in the contracted bladder, as if the 
contained fluid had been under increased tension and had flattened the epithelium 
This experiment rvas repeated four times with similar results, except that the 
cysts ivere in no instance as large as in the original experiment Grossly, howeier 



Fig 12 (dog 47, forty-nine days) — ^Anteroposterior and lateral roenfgeiio 
gram of a cyst developed as in figure 11 

the cysts derived from transplantation of scrapings from the bladder were entire 
surrounded by bone in every instance, and the bone was in intimate associa lO 

with the transplanted mucosa , 

The factor making for the formation of bone around the entire sur ace o 
cyst seems to be the innumerable small scraping-grafts which must 
many different positions, allowing the osteogenetic effect of the pro i 
mucosa of the bladder to act in many directions instead of in one as in 
experiment , in other w'ords, m this experiment there was far greater sur a 
of proliferating epithelial cells exposed to the fascia 

Experiment 6 — Transplantation of the ureter and kidney peh is to 
fascia will produce epithelial-lined cjsts partially surrounded by bone, 
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transplantation of the cortex or medulla of the kldne^ or of the prostate does not 
lead to osteogenesis 

1 The kidnej' and ureter of a dog were excised, through i median abdominal 
incision, and pockets were prepared m the fibrous sheath of the rectus abdominis 
muscle for (a) renal cortex, (t) renal medulla, (c) pehis epithelium and (d) 
whole ureteral wall All transplanted tissues were sewed m place bj means of 
silk sutures The fascia was then closed o\er these transplants 

After fifU da\s, the dog was killed and the specimens examined As has 
been demonstrated b^ Didier and Gu\on, the renal cortex and medulla did not lead 
to the formation of bone, the grafts entirely disappeared, and no vestige of them 
could be found 

The grafts of the renal pehis and ureter beha\ed cxacth like those from the 
epithelium of the bladder Epithelial-lined c\sts (figs 14, 15, 16) formed, sur- 
rounded in part b^ bone, the bone was located in the region of the newh formed 



Fig 13 (dog 47) — Photomicrograph of a portion of a multilocular cjst 
(fig 12) entireh surrounded by bone resulting from transplantation of scrapings 
of bladder into rectus sheath (fortv-mne days) A, sanguineous fluid in c\st, B, 
bone, C, smaller cjsts in wall, and D, fibrous connectue tissue of rectus sheath 


epithelium and w’as comparable in amount with the ^eslcal grafts of the same age 
This experiment w’as repeated and confirmed in two dogs 

2 In se^en dogs the peritoneal caMU was opened through a right rectus 
incision extending almost to the pubic bone The bladder was delivered, and the 
^ fatty tissue around the prostate w'as opened b^ blunt dissection The prostate w'as 
thus exposed and a cuneiform area of prostatic tissue remo^ed, care being taken 
not to open the urethra The defect in the prostate w as sutured wnth a continuous 
silk suture The prostate graft w'as then treated in one of several w^ajs either 
transplantation in toto bv suture to the split rectus sheath, or after morcellation 
wuth sand or by a sharp knife, the fragments were deposited in the fascia The 
former method ga^ e better results The transplant w as examined ten, fourteen 
lift} -four and sevent\-tw'o days later The prostatic tissue usualh sur\ned and 
grew' (fig 17) Bone was not obser\ed associated with prostatic transplants in 
an^ case 
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Experiment 7— Control experiments Epithelial transplants were made from 
the adrenal, gallbladder, stomach, jejunum and colon to the rectus sheath 

The right adrenal gland was removed m three dogs and the cortex was divided 
into two portions, one of which was transplanted in a puncture wound of the right 
kidney and the other sewed m the sheath of the rectus abdominis Section at 
eighteen, twenty-two and thirty-five days demonstrated the survival of the graft by 
the presence of yellow tissue, microscopically composed of vacuolated cells 
arranged in cords No bone formed (fig 18) 

Free transplants of the gastric mucosa in four dogs (fig 19), of the wall of 
the gall bladder in two and of the mucosa of the jejunum and colon in one dog, 



Fig 18 (dog 132) —Transplant of adrenal cortex to rectus sheath, twenb- 
two days The cortex has survived The cordlike arrangement of lipoid co 
taming vacuolated adrenal tissue is easily seen 


to the abdominal fasciae failed to produce bone in any of the experiments Small 
epithehal-lined c\sts containing cloudy fluid formed in every instance 

A transplant of the dura mater which was obtained through the ° 

button of the parietal bone by means of a crown trephine to the rectus s 
failed to cause the deielopment of bone in two cases 0^ cm 

In three instances, thin shavings of bone measuring about 1 b% 1 by 
%vere transplanted to the rectus sheath, these did not lead to 
bone had disappeared m sevcntv days m two animals, and had diminisie 

m si?e in the third 
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A piece 2 cm square of the sjnoMa of tlie knee joint, including the joint cap- 
sule, i\as transplanted to the rectus sheath in t%\o animals, section at sixtj da^s 
lailed to re^eal the presence of bone 

The results of the experiments in which bone and periosteum were transplanted 
as a free graft to fibrous tissue are in accord with the work of Phemister-* and 
others, and those of the experimental transplantation of gastric mucosa are some- 
what similar to the experiments of Axhausen -® 

Experiment 8 — Further eiidence indicating the necessity for a proliferating 
epithelium in the osteogenesis resulting from the influence of the mucosa of the 
bladder on connective tissue is gi\en 

The abdomen of a dog was opened and the bladder deh^ered from the wound 
With a sharp knife the muscularis and ad\entitia and peritoneal co\ering of the 



Fig 19 (dog 81) — Transplantation of gastric mucosa to rectus sheath, 
ser entj -seven days, X 300 


bladder w'ere removed in toto from a circular area of the wall of the bladder 2 cm 
in diameter, leaving the shining mucosa of the bladder Unopened A piece of 
fascia from the rectus sheath was then secured to correspond with the excised 
portion of the wall of the bladder This fascia was sutured with silk to the 
adjacent muscular wall of the bladder to fill the defect (fig 20) After seventy - 
SIX daj s, the bladder w as removed The transplanted fascia was recognizable b\ 
a slightly depressed dimpled area and by the silk sutures There w-as no formation 
of bone in this experiment or in five similar experiments lasting from fortj-six 
to eighty-seven daj^s 


27 Phemister, D B The Fate of Transplanted Bone and Regeneratne 
Power of Its Various Constituents, Surg Gjmec Obst 19 303, 1914, Free Tissue 
Transplantations, Surg GMiec Obst (Internat A.bstracts Surg) 18 333, 1914 
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This experimental evidence indicates that a necessary requirement for bone 
formation is a proliferating epithelium or its products especially since it is known 
from experiment 4 that bone formed only adjacent to the newly formed epithelium 

Comment —It seems established by these expeiiments that prohfeiat- 
ing mucosa of the kidney pelvis, iiietei and bladdei has the powei of 
exciting osteogenesis in the paiietal fasciae, and that as fai as the 
tissues desciibed in the group of transplants lepoited in experiment 7 
aie concerned, it is a specific effect of the epithelium of the uppei 
uiinai} tiact 



Fig 20 — Diagram of experiment 8 The fibromusciilar elements oi a portion 
of the wall of the bladder have been renewed and replaced by fibrous tissue 
from the anterior sheath of the rectus The epithelium has not been opene 


I shall next attempt to establish the fact that there aie inoie factors 
concerned in this bone formation than proliferating mucosa of tlie 
urinary tract and any of the connective tissues and to present evidence 
that theie is a difference between certain connective tissues, so far as 
they do or do not ossify under the influence of this proliferatuis 
epithelium 


Experiment 9 — The question to be answered by this experiment is w 
the combination of proliferating vesical mucous membrane and connectne t 
will alwa^s produce bone The experiment is described in two parts 
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\ A strip of mucous membrane of the bladdei was excised and tiansplanted 
(a) m the rectus muscle four times, (f>) on lectus sheath eighteen times, (c) in 
the subcutaneous fatty tissue three times, (</) on fascia lata twice and (c) on 
fascia covering the saciospinalis muscle twice The animals weie killed after a 
period of from forty-nine to eighty-five days In each instance, an cpithehal-hned 
c^ st developed surrounded in part by bone The only variation m the i esults 
seemed to be quantitative, that is, when the transplant was made between fascial 
laiers oi m muscle tissue, more bone formed than when the transplant was made 
betucen fat and fibrous tissue or wholly within fattv tissue This might be 


>;<> 










Bsl 


Fig 21 (dog 434) — Transplantation of mucosa of bladder to the kidney 
(cortex) A portion of the cyst lined by transitional epithelium which forms 
is shown at A No bone results, X 130 


expected to have occurred, since there is less connective tissue in the subcutaneous 
fatty deposits than in the muscle or muscle sheaths 

A similar strip was inserted in the sjnovial cavity of the knee joint m three 
dogs and allowed to remain from forty-one to fifty days, the wound was closed 
in layers and a plaster cast was applied for ten days The mucosa became attached 
to the sjnovial membrane forming a plaque of bone, near the patella, in two cases 
laterally and m the third medial to that sesamoid At the conclusion of the experi- 
ment, a slight increase of s\ novial fluid was found In no case were thei e loose 
bodies 
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2 A str.p of mucous membrane was eve, sett from the bladder and placed ,n 
U.e parenchyma of (o) the k.duey, (6) the )„er, (r) the spleen and (d) ,„™ 

Each experiment was done in three dogs ^ ^ ^ ® 


The animals were killed from thirty-five to ninety-six 
was made In no instance did bone develop 

In the lung, the transplant invariably became infected 
the lung was found at autopsy 


da>s after the transplant 
and a chronic abscess of 


In the kidney hver and spleen (figs 21, 22, 23) well formed epithelial lined 
cjsts were found Microscopic examination showed that the cysts were lined h 
transitional epithelium and had been surrounded bv connective tissue From his- 



Fig 22 (dog 929) — Transplantation of mucosa of bladder to Iner An 
epithelial lined cyst {A) surrounded by connective tissue forms but no bone 
X 90 


tologic evidence, it wms impossible to see any difference in either the epithelium or 
the connective tissue, and in evsts of the same age in the sheath of the rectus Here 
obviously the difference between bone formation m these parietal connectne tissues 
and its absence in the organs mentioned must he in a chemical or phj steal differ- 
ence in the connective tissues, since the epithelium and the morphologic appearance 
of the fibroblasts are the same 

Experiment 10 — Since it has been reported that transplants of connectne 
tissue to the dome of the bladder m the rabbit will not ossifj (Phemister®), tie 
question arose whether free transplants of mucosa of the bladder into a 
w’lll form bone in this animal 
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In SIX rabbits the urinary bladder %%as opened and the dome excised, the 
bladder was then closed by a continuous Lembert suture, followed b^ a purse-string 
suture which held m place the in\erted dome of the bladder The excised dome 
of the bladder was then sewed in the sheath of the rectus abdominis muscle with 
silk In two of the animals infection followed operation, and here a tumor the 
size of a hen’s egg was palpable beneath the skin One of these animals was killed 
at the end of thirty days and the other after a hundred and forty-five days 
Necropsy showed the tumor to be composed of a dense mass of yellow caseous 
tissue, thoroughly inspissated, from wdncli bacteriologic examination showed B 
subtilis in almost pure culture In the animal killed 'after one hundred and fort\- 

















^ I. 


Fig 23 (dog 10) — Bladder epithelial transplant to spleen The epithelium 
(4, A) IS surrounded by connective tissue, but no bone has formed, X 55 


five days, the wall was calcified There was no evidence of the mucosa of the 
bladder in either experiment The tumors were chronic pjogemc abscesses The 
remaining four animals w^ere killed after sixty, seventy-one, eighty- four and nmetj - 
five da>s All the experiments were negative for bone except that lasting ninety- 
five days In each a cyst w'as found lined by epithelium of the bladder containing 
fluid and surrounded bv connective tissue In the animal killed after ninet\-five 
days, a plaque of bone 1 cm m diameter was found adjacent to the vesical mucosa 
m the rectus sheath resembling the observations on the dog 

Experiment 11 — Since the mucosa of the bladder of the rabbit forms bone 
only under exceptional circumstances when transplanted to the rectus fascia, is 
the failure of bone deposition a local or a general process^ Experiment 10 was 
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repeated with the addition of the administration of large doses of viosterol or of 
parathormone 

Seven rabbits were operated on as in the last experiment From three to six 
daj s later, viosterol in oil 1,000 D, Avas gnen to the rabbits in doses of 2 cc daih 
by stomach tube This was given every second day 

One rabbit died after three doses and one after five doses The remaining rab- 
bits were gnen between eight and fifteen doses Necropsy after from thirtj-fiie 
to forty-nine days revealed the usual observations of massive doses of viosterol in 
rabbits, such as a marked deposition of calcium in the aorta and someivhat less 
in the kidney and other organs The usual epithehal-lined c>sts were found, but 
bone Avas not present It is interesting that necropsies of the animals four and five 
months after the feedings Avith viosterol AAcre stopped shoAved virtually no regres- 
sion in the calcification in the aorta 

Two rabbits Averc similarly treated, except that six units of parathormone gnen 
subcutaneouslj every second day Avas substituted for the viosterol over a period of 
thirty da3'S Three rabbits Avere similarl)' treated, except that eight units of para- 
thormone Avas administered every second day for ninety-eight davs 

Autopsy of the five rabbits shoAved Avell formed cysts lined by mucosa of 
the bladder and containing the usual sanguineous fluid in four, in the fifth no 
trace of the transplant could be found (infection^) No bone Avas found m anj 
of the experiments Thus the agents that aviII cause the deposition of bone in 
man or rickets produced experimentally or that aviII normally raise the blood 
calcium did not induce ossification, this is interpreted as evidence that in the 
rabbit the failure of the epithelium to stimulate bone formation in the rectus 
sheath is due to local conditions in either the epithelium or the rectus sheath 
rather than to general causes such as a lack of Aitamm D or hypocalcemia 

It is knoAvn from the earlier observations in the literature that under certain 
conditions bone forms in the urinary tract of rabbits (and my AAork Avould suggest 
strongly that it is due to the action of the proliferating pelvic mucosa) as Avell as 
in the single instance cited in experiment 10 Therefore it Avould seem as if the 
rectus fascia of the rabbit were lacking in the attributes necessary for bone forma- 
tion Avhen epithelium of the urinary tract is transplanted to it 

Experiment 12 — If the epithelium of the bladder influences at times the laj- 
ing down of bone in certain connective tissues, why is bone a rare observation in 
the bladder itself Avhere proliferating, epithelial processes are common as a resu t 
of infection, stone, operations, etc ? 

In three dogs, the bladder Avas opened through an incision in the A'ertex \ it ' 
a knife, the mucosa of the bladder was dissected from the parietal tissues is is 
technically an easy procedure The musculature of the bladder Avas thus denu e 
of epithelium except for a triangular area m the trigone and an irregu ar rmg 
around the urethrovesical junction Hemostasis Avas secured by the ° After 
gauze pack inserted in the bladder and pressure from AAuthout on the pac 
hemostasis AAas complete, the incision in the dome of the bladder A\as sent 
tAvo rOAVs of silk, Avith care not to encroach on the denuded muscu aris 
than AA'as necessary In one of the animals it Avas found that a sheet o ^ 

8 by 5 cm had been thus removed and in the others relatively large areas 
animals Avere killed after eighteen, thirtj-fiA'e and forty-one davs a d in 

It Avas interesting to observe that the musculature of the bladder ^ 
tins manner was competent to prevent leakage into the peritoneal 25 ) 

thirty-five and forty-one days it was found that the epithelium (figs 

28 Poscharisskv (footnote 2, first reference) Sacerdotti and Frattm (loot 
note 18) Maximovv (footnote 19) 
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had completely regenerated, lining the bladder The wall w'as considerablj’' thicker 
than normal, and distention was limited The macroscopic and microscopic studies 
will be presented elsewhere It is sufficient to state here that bone did not form in 
the wall of the bladder which is probably in a similar class with the other tissues 
that do not ossify under the influence of proliferating mucosa of the bladder 

Comment — It will be seen that there are apparently two classes of 
fibrocytes which leact difterently to the presence of adjacent prohferat- 



Fig 24 (dog 546) — The mucosa was cleanly removed from the bladder except 
a small strip at the base, and bladder incision closed The regeneration of the 
transitional epithelium is shown (forty-one days) An hjpertrophied fibrous tela 
submucosa has formed limiting distention of the bladder No bone formation , 
X 55 


nig epithelium of the bladdei , one ivhich is susceptible of being ossified 
and the other which is not In the fiist class (ossifying), are the con- 
nective tissues of the fatty-fibrous subcutaneous tissue, of striated 
muscle, of the fasciae (rectus sheath, fascia lata fascia covering 




402 


ARCHIVES OF SIRGER} 


sacrospmalis muscle) and capsule of the knee joint in the dog and the 
fibrous tissue that foims beneath the prohterating pelvic epithelium after 
hsration of the lenal vessels in the labbit 

o 

In the second class (nonossifymg) are the fibromuscular wall of the 
uiinar} bladder and connective tissue stroma sui rounding transplants 
of mucosa ot the bladdei m the liver, spleen and kidney in the dog and 
the fascia of the lectus sheath and the fascia lata in the rabbit 

The ph}Siologic difference between these fibroblasts which under 
the micioscope seem identical is not apparent but it seems clear that 
such a difteieiice exists 



m figure 21 X 560 


Experiment 13 -Will fasca introduced into the fluid “"‘“’TTolsd?''''' 
hal transplants of bladder to rectus sheatli. P”* *” 7 ”“ I" “L beel con- 
The result of this experiment are incomplete P ^ diameter 

ducted as follows A circular area of mucosa of 

was excised and transplanted between the ’"^ern 5 ^ a second 

after bone had formed as determined bi palpation tl J ^ 
incision was made exposing the cj 'vhic^i I P^ece of fascia was then 

in Its surface that was not surrounded b^ bone A ^ ,^ 3 ,, the wall ot 

excised from the rectus sheath and inserted m the lumen 

which was then closed bj a silk suture Oct 30, 

In dog 212, the original transplant to the r diameter formed around 

1928 An easil} palpable plaque of bone a on c j,undred and miicU' 

the c> St A small piece of fascia w as inserted m the cn -t 
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eight dajs later Examination fort\-se\en dajs after this second operation shoned 
an irregular!} spherical mass of bone about 4 mm in diameter hing free in the 
C}st fluid Gross examination showed that the mass consisted of a shell of bone 
completely surrounding a core of fibrous tissue Microscopic examination demon- 
strated the fibrous tissue core as bring and surrounded b} true bone The bone, 
bower er, rras lamellar rrith harersian s}stem The microscopic appearance of the 
bone (fig 26) is thus different from areas of bone knorrn to be grorring m ‘tissue 



Fig 26 (dog 212) — Roentgenogram and photomicrograph of bone rrhich 
formed around a piece ot connectire tissue inserted in the fluid of an epithelial 
cyst caused by the transplant to mucosa of bladder and rectus sheath Judging 
from the cancellous spaces, the fibrous tissue had become attached to the 
epithelial rrall, although at autops} the bone rras found free as a loose bod} 


culture,” such as the osteocartilaginous loose bodies sometimes obserred Iring 
free in joints in man, rrhich are knorrn to be grorring free in the S}-norial fluid 
Horrerer, the presence of the loose bodr of bone rrith a central core of fibrous 
tissue rrould stronglr suggest that the introduction of the fibrous tissue plajed a 
part in the formation of this shell of bone, it probablr became attached to the 
rrall in some rra}, later coming loose after bone had formed 
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In two other animals, at necropsj thirt\-one and thirt\-se\en da\s after t c 
introduction ot fascia, the fascia was found intact but not liable and not sur- 
rounded by bone In tw^o animals at necropsy fort\-one and nineti -three days after 
this procedure, no fascia w'as found 

E^periailxt 14 ^Vill the introduction of a silk suture in the lumen of an 
epithehal'lmed cyst of the mucosa of the bladder lead to the deposition of salts 
on It as frequentb occurs around nonabsorbable sutures in the lumen of the 
bladder ? 

The presence of stone around a silk or linen suture in the bladder is an 
extremeh common experimental and clinical observation It wms with some 
interest, therefore, that a piece of sterile silk 3 cm in length was introduced as a 
loose body into the fluid secreted by the vesical epithelium in these c>sts partlv 
surrounded by bone It w’as done three times, and the experiment was allowed to 
run tliirh, thirtj’^-seven and forty-seven days 

Examination in the thirty and forty-seven daj experiments showed that a part 
of the thread had become surrounded by bone in the w'all of the cyst to wdiicli it 
w'as attached In the thirty-seven day experiment the entire thread w'as found 
l 3 ’'ing free m the lumen of the cjst, as a part had been in the first tw’o animals 
In no case had gross precipitation of calcium salts occurred on the threads 

Experimext IS — This experiment was a study of the fluid in epithehal-lined 
cjsts resulting from transplantation of the mucosa of the bladder to the sheath 
of the rectus abdominis muscle, especially of the calcium and phosphorus content 
(The chemical determinations were made by Dr EL Compere ) 

'When a circular area of the w'all of the bladder 2 cm in diameter is trans- 
planted to the rectus sheath, a cyst forms containing a dark browm, sanguineous 
fluid, which does not clot spontaneously m three hours Microscopic examination 
show's it to be made up chiefly of erjdhrocjdes in various stages of degeneration, 
wuth a few' leukocytes and desquamated epithelial cells The amount of the fluid 
is rarely more than 4 cc , usually about 2 cc 

It seemed of interest to determine the calcium and inorganic phosphate content 
of this fluid and to compare the results with similar simultaneous determinations 
on the blood serum In addition, in some experiments the hj drogen ion concentra- 
tion and the carbon dioxide content of the fluids were determined 

The fluid was aspirated through the skin with an 18 gage needle and drawn 
under oil Calcium wms determined by the Colhp modification of the Kramer 
and Tisdall"'® method in most instances In three of the determinations, the 
organic material w’as destroj^ed by heating w'lth concentrated sulphuric acid before 
using the foregoing method, with approximate!}' the same results Inorganic 
phosphates were determined by the method of Fiske and Subbarow The car on 
dioxide content of the serum and cyst fluid w'as determined bi the manometnc 
method of Van Slyke and Neill 32 The bicolormetnc method introduced n 
Mvers 33 and Hastings 3^ w as used for the hj drogen ion concentration 

29 Clarke and Colhp J Biol Chem 63 461, 1925 

30 Kramer and Tisdall J Biol Chem 47 475, 1921 

31 Fiske and Subbarow J Biol Chem 66 375, 1925 

32 Van Shke and Neill J Biol Chem 61 523, 1924 

33 Mjers J Biol Chem 54 675,1922 Mvers Schmtr and Boober T 
Chem 57 209, 1923 

34 Hastings and Sendroy J Biol Chem 61 695, 1924 
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The results aie tabulated in table 1 In ten of thirteen deteimina- 
tions, the calcium as decidedly elevated above the blood serum calcium 
In five of eight deteiminations, the inorganic phosphate content of the 
c3St fluid was markedlv increased over the values for blood seium In 
eight of nine determinations, the cyst fluid was more acid than the 

T VBLE 1 — Hvdiogcn Ion Concenti niton Calc urn and Phoslthotus Content of the 
Fluid Found in Epithelial Lined Cysts of the Bladdei Mneosa (Ex pet inienf 
15) as Cotnpaicd ivitli Similat Values of Blood Set uni in the Dog 


C\ riu <1 Bloofl Serum 

-« V , >■ , OsSlfiCT 


Dog 


Davs 

Cc of 









tion m 

No 

Date Tnnsp 

Pluid 

Ca* 

P* 

C02t 

pH 

Ca* 

P* 

CO=t 

Tni 

Cjst 

256 

9/10/29 

62 

30 

15 9 

no 


6 32 

10 4 

516 

43 16 

7 51 

1- 

212 

9/10/29 

47 

36 

15 6 

96 


6 45 

10 98 

3 44 

49 2 

7 57 

+ a- 

215 

9/14/29 

80 

54 

10 77 

8 23 


6 35 

10 77 

4 91 


7 4S 

! — 

543 

11/18/29 

29 

26 

13 35 



7 35 

10 34 



7 42 

— r-l — 

543 

12/18/29 

59 

10 0 

10 72 

59 


6 97 

11 07 

5 33 


7 53 

Cast fluid 











contains pus 

6S9 

2/ 3/30 

33 

22 



16 4 

7 27 

116 

53 

45 3 

7 44 


724 

2/ 3/30 

57 

50 



18 3 

7 02 

10 8 

571 

51 5 

7 45 

-1-4- 

9S6 

2/ 3/30 

35 

90 

11 04 

44 

286 

717 

112 

516 

51 3 

7 44 


821 

3/10/30 

62 

0 5 

16 3 




116 

615 



U-l, 

9S6 

3/10/30 

69 

08 

15 2 




116 

62 



1-J--J- 

928 

2/ 3/30 

100 

60 



114 7 

7 69 

12 20 

6 66 

55 9 

6 92 

— Cyst 
grosslj 
infected 


873? 

5065 

3/10/30 

49? 

621 

0 05 

17 4 




11 86 

0 25 



— 4-~f--T- 

212 

6/24/29 

207 

30 

23 5 




10 5 




— 4-r-^ 

S21 

4/16/30 

113 

1 5 

18 2 

5 22 



12 0 

6 67 




689 

4/16/30 

118 

IS 

16 6 

30 



12 0 

6 67 




869 

4/11/30 

67 

24 

16 0 

16 8 



10 40 

04 



U J 


* Milligrams for each 100 cc 
f Carbon dioMde content per cent by Tolumc 


Tabli 2 — Hydtogen Ion Concenti alioti and Phosphonis Content of the Blood 
Found in Cysts of the Bladdei Mucosa in the Rabbit, as Conipaied 
until Blood Set uni (Expet imeni 15) 






Cyst Fluid 


Blood Serum 


Os^ifica 
tion jn 

Rabbit 


Days 

Cc of 


■ ' 


' 

No 

Date Transp 

lluid 

Ca* P» COrt 

Pa Ca* 

P* co=t 

PlI 

Cvst 

348 

12/30/29 

50 

0 75 

716 

7 32 

7 02 

7 35 

No ossi 
flcation 

353 

12/30/29 

50 

06 

7 4 

7 34 

67 

7 39 

No ossi 
flcation 

362 

12/30/29 

50 

1 0 

67 

7 35 

7 04 

7 34 

>.0 OSSI 

flcation 


* Milligrams for each 100 cc 
t Carbon dioxide content per cent bj tolume 


lilood serum The carbon dioxide content of the cjst fluid was much 
less 111 three of four determinations than the normal I'alues obtained at 
the same time from the blood serum 

In three labbits the phosphorus content and the hydrogen ion con- 
centi ation of the blood seium and of the fluid of the bladder cist were 
determined Table 2 shows the results in taliular form The phos- 
phorus content and pxi did not x^arj striking]} fiom the values toi b’ood 


«ei um 
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In all of these detei minations it must be realized that small amounts 
of fluid were necessarily used, so that the possibility of eiror is greater 
than if laigei amounts could have been obtained In thiee transplants 
in dogs, laige amounts of fluid were obtained, these cases were probably 
not true cysts lined by transitional epithelium, but abscesses, since gross 
pus was seen However, m each of the abscesses bone was found, but 
in two cases it was small m amount, this showed that the graft had 
apparently survived, at least in part Ruling out these cases of gross 
infection, it will be seen that in the remaining cases the calcium content 
of the cyst fluid was markedly elevated above the value foi serum 
calcium 

COMMENT 

The piohferating mucosa of the kidney, ureter and bladdei is a 
sufflciently stiong stimulus to certain connective tissues in the dog and 
labbit to induce the foimation of bone Ceitain othei fibiocytes do not 
1 eact in this way The exact physicochemical change thus affecting the 
fibrocyte is unknown, as well as the mechanism of resistance to bone 
formation on the part of tissues m which bone does not form 

It seems logical, since the cyst fluid in most cases contained much 
more calcium and phosphorus than did the blood seium, to assume that 
this has a bearing on the pioblem especially since in ceitain cases, as m 
expel inient 1, a cyst did not form, and the fluid secreted by the cells 
must have been disposed of in the tissues themselves It must be granted 
as proved that the mucosa of the bladder m this position secreted®'’ 
calcium and phosphorus into the lumen of the cyst 

It IS possible that the newly formed epithelium, lining the cysts 
which foim when mucosa of the urinary tiact is tiansplanted to the 
rectus sheath in the dog, is nioi e permeable to the fluid seci eted by the 
epithelium than the older mucosa This would explain the occurrence 
of the bone in the vicinit)'’ of the piolifeiatmg epithelium 

Since this osteogenesis occurs invariably (bailing severe infection), 
this method affords a way of studying osteogenesis that offers certain 
advantages over that of osteogenesis from preexisting bone, periosteum 
or caitilage The exact duration of the osteogenic stimulus is known m 
this experiment Moreover, a fluid is present which may aid in the 
study of osteogenesis 

The production of bone under the direct influence of epithelial cells 
IS proved for the first time by the experimental method The observa- 
tion of epithelial cells infiltrating bone is common m certain osteop as ic 
processes in the skeleton resulting from tumor invasion This is re 
quently seen in man m the metastases of prostatic carcinoma to one 

35 Further unpublished studies by F H Entz in this laboratory indicate that 
the mucosa of the bladder normally secretes calcium and phosphorus 
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and IS seen in the hyperostosis overlying cranial meningiomas,®® as vi^ell 
as m other tumors 

Two views have been expressed regarding the pathogenesis of the 
bone in tumor metastasis Von Recklinghausen and others explained 
this process as due to a stimulation of new bone by passive hypeiemia 
due to venous obstruction by tumor cells The second view has been 
advocated by Axhausen and others who believe that the new bone forms 
as a result of stimulation of the surrounding osteogenic elements by 
chemical substances formed by the tumor cells 

These experiments, which demonstrate a direct relationship between 
osteogenesis and certain epitheha, favor the second hypothesis, especially 
foi metastases of carcinoma from the prostate, because of the ontogenetic 
relationship of the prostate to the urinary tract Osteogenesis, howevei, 
has not occurred about prostatic transplants It is possible that the 
leason for the failuie of piostatic epithelium to stimulate hone forma- 
tion in connective tissues is the difficulty in dissociation of the epi- 
thelium from Its stioma, and it is known that the stroma of the bladder 
will not ossify m the presence of regenerating epithelium of the bladder 

This study indicates also the nonspecificity of periosteum and the 
osteoblast and that certain other connective tissues under an alteied 
environment maA acquiie osteogenic pioperties 

SUMMARY 

1 The direct influence of certain epithelial cells on connective tissue 
stimulating bone formation m it is shown experimentally 

2 Bone forms in a fascial transplant to the bladdei of the dog in 
which the urine has been diverted It is in close relationship to the 
epithelium and occurs only m the transplant 

3 Bone forms around a transplant of bladder, ureter and renal 
pelvis epithelium to certain parietal fascias (rectus sheath, fascia lata, 
subcutaneous tissue) and to muscle and synovial membrane in the dog 
This is true spongy bone with haversian canals containing fibrous and 
hemopoietic bone-marrow 

4 These fibrocytes can be differentiated functionally from other 
fibrocytes (those which form around an epithelial transplant from the 
urinary tract into the kidney, liver and spleen, and those forming from 
the connective tissue of the wall bladder) which appear anatomically 
similar but do not participate in the formation of bone 

5 Transplants of the epithelium of the bladder to the sheath of the 
rectus abdominis fascia m the rabbit did not lead to bone formation, 

36 For a complete description of this process, see Phemister, D B The 
Nature of Cranial Hyperostosis Overlying Endothelioma of the Meninges, A.rch 
Surg 6 554 (March) 1923 
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except m one animal This fascia also theiefore can be difterentiated 
f 1 om the connective tissue about the i enal pelvis, which aftei ligation of 
the lenal vessels piolifeiates and foims new bone Viosteiol and 
parathoi mone do not aid in ossification m epithelial transplants to the 
lectus sheath in labbits 

6 It is the newly foimed epithelium and not the nonprohferating 
pait of the transplant that is the essential factoi m this osteogenesis 

7 A secretion of fluid containing a i datively laige amount of 
calcium and phosphoius occuis into epithehal-lined cysts of the mucosa 
of the bladdei m the lectus sheath of the dog It is a probable factor in 
bone foimation 

8 Osteogenesis does not occui following similai ti ansplantation of 
gallbladdei, gastiic, jejunal and piostatic epithelium into fascia 

9 Smce the osteogenetic powei of the mucosa of the renal pelvis 
has been demonstiated, it is most piobable that this is the factor causing 
bone foimation aftei ligation of the lenal pedicle in the rabbit’s kidney, 
especially smce this laiely occuis following ligation of the iiietei 



THE ASSOCIATION OF RAYNAUD’S DISEASE WITH 
CEREBRAL SYMPTOMS 


REPORT or A CASE WITH MIGRAINE, PSYCHONEUROTIC SYMPTOMS, 
TRANSIENT HEMIPLEGIA AND DEATH ' 

LOUIS CARP, MD 

NEW YORK 


In 1862, Raynaud ‘ desciibed the disease which beais his name It 
IS chaiacteiized by attacks of vasomotoi and tiophic distui bailees in 
which local syncope (blanching) may be followed by local asphyxia 
(cyanosis) m peiipheial poitions of the body which may oi may not lie 
symmetneal Paresthesias usually accompany these symptoms and signs 
Despite the lack of vasculai occlusion, peripheral gangiene is common 
Ihe disease is moie fiequent m neuiopathic young women than in men 
In a caiefully studied histoiy, psychic tiauma or piolonged exposuie to 
cold often suggests a not impiobable etiologic influence The symptom- 
complex, with vaiying chaiacteiistics, may continue mtennittently ovei 
a numbei of yeais Accoidmg to Raynaud ^ and Buerger,- mild sensoiy 
distui bailees aie usually piesent, and hemoglobinuiia, ai tin opalines and 
cerebial symptoms aie sometimes obseived Differential diagnosis, not 
infiequently difficult, is also classified by Buergei * In this papei the 
cerebial phenomena of Raynaud’s disease will be consideied 

Based on a leview of the hteratuie, the ceiebral symptoms associated 
with Raynaud’s disease may, in the mam, be divided into the following 
gioups (1) central vascular manifestations — ^vertigo, headache uncon- 
sciousness, aphasia, paralysis, convulsive seizures, etc , (2) mental mani- 
festations — psychoses and psychoneui oses of vaiious types 

The following case, referied to me by Dr N E Biodei for surgical 
opinion, IS repoited in order to bring out the association of psychic 
symptoms, attacks of migraine and transitoiy hemiplegia in a patient in 
whom a clinical diagnosis of Raynaud’s disease was made 


REPORT or CASE 

Hutotv — G S , aged 26, single, a Jew, who was born in Austria but who had 
lived in the United States twenty-three 3 'ears, m the advertising business, pre- 
sented himself on June 19, 1929, with the following historj The chief complaint 

* Submitted for publication, Sept 23, 1930 

1 Ra\ naud, A G Maurice De Tasphi xie locale et de la gangrene si metrirpic 
des extremites, These, Pans, 1862 

2 Buerger, Leo The Circulator} Disturbances of the Extremities Phihdcl- 
pbn W B Saunders Compani, 1924 
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^\ as pain at the tip of the right index finger of eight weeks’ duration His father 
died at 62 of arteriosclerosis , his mother was diabetic and neurotic , two brothers 
and one sister ere in good health and another sister had myxedema The patient 
had had measles at 4 , he had fallen, hitting the back of his head ten ears before 
presentation He attributed a partial loss of vision m his left eye, which had 
de^ eloped six 3 ^ears before, to this accident At this time he was seen by Dr 
Ernst Waldstein, who found a slight myopia of the right eye and an old detach- 
ment of the lower half of the retina of the left eye In October, 1925, and 
Januarj', 1929, Dr Waldstein found the ocular picture unchanged He had a 
fairly constant drj" (cigaret^) cough for about three 3 'ears, with frequent pains 
m the chest following exposure to cold There was no fever It is of interest 
that ten jears before he fainted momentarily while walking in the street He 
had always been \ery nerrous 

He said that he had never had a venereal disease He was a heavy cigaret 
smoker, and since his present trouble began had smoked about thirty cigarets a 
day He indulged moderately m tea and coffee, but abstained from alcohol and 
drugs In the past year he had shown a definite decline in business capacity 

The present illness began three or four months before he consulted me, when 
the patient noticed occasional blueness and coldness in the tip of his right index 
finger About eight ueeks before, he was bitten on the tip of this finger by a 
child Soon afterward he began to ha\e pain, swelling and tenderness in this 
region, for which he used hot soaks and ointments, without relief About a week 
before I saw him his family physician removed the distal third of his nail, and 
a few days later he went to the Vanderbilt Clinic, where, under block anesthesia, 
the remainder of the nail was removed It was found to be browmsh and loose, 
and in the subungual space there were dark, unhealthy granulations and some 
dark blood, but no pus The next day the intern noted clotted dark blood at 
the end of the finger The roentgenogram showed no involvement of the bone 
At my office two days later, the following additional history was obtained The 
pain in his finger uas becoming more intense, and it seemed to spread to his right 
hand and forearm It became almost unbearable at night Dependent position 
of the right upper extremity seemed to relieve the pain, but after this position 
was assumed for some time the distal part of the extremity became swollen 
There was no fever or chills He complained especially of temporal headaches on 
the right side which ivere quite severe, and uhich had shown remissions m the 
past three years He became depressed and introspective, he had been worrie 
about the future for some time, because he could not seem to get into his occiipa 
tional stride He had tried hard to combat a tendency to neuroticism, and le 
felt that he was becoming a financial burden to his family 

Examination and Coiiise — The patient was in great pain On the 
distal, phalangeal region of the right index finger, in the region of the nai e ^ 
there was a dark, blood 3 , sluggish, granulating area extending underneat i 
eponychium, the paron 3 chium and the distal aspect of the finger The s m o^ 
the right hand was slightly cooler than that of the left, but the pulses vere eg 
and regular From June 19 to July 1, 1929, hot soaks and codeine gave um s 
relief, but for the most part the pain in the right upper extremity vas 
more severe Gradual^ a line of demarcation at the end of the right in ex 
formed, inv oh ing the nail-bed, epon 3 mhium, paron 3 chium and most ° 
anterior closed space It was difficult for the patient to obtain sleep ecai 
the pain, his appetite was poor, and he was rapidh losing weight 
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On Jub^ 5, 1929, at 7 a m , he complained of se\ ere headache and pam around 
the right eje, and asked his brother for a cold application to his head A feu 
moments later the brother found the patient on the floor, semiconscious and uith 
an apparent paraljsis of the left half of the bodi A local phj^sician, called 
immediately, said the patient had a “stroke of apoplexi” and gaie a hjpodermic 
injection of morphine When I saw the patient three hours later he uas conscious, 
recognized people and objects, and presented a typical left hemiplegia He com- 
plained bitterly of frontal and temporal headache on the right side The local 
surgical condition presented a more marked line of demarcation, and, strangeK 
enough, palpation of the radial and brachial pulses on the same side failed to 
elicit any pulsation The right radial and brachial arteries felt like hard cords 
under the finger, but the left were normal The patient uas immediately trans- 
ported by ambulance to the Harkness Pavilion of the Presbj'terian Hospital 

Examination here reiealed the following The respirations uere quiet and 
slow (18) and a full pulse was felt on the left side (HO), but there were no 
palpable pulsations m the right upper extremity The temperature was 99 F 
There was asymmetry of the face and left facial paresis The mouth contained 
unswallowed, recently eaten food, and the tongue was deviated slightl}' to the left 
The pupils w'ere equal and reacted to light The lungs were normal, and although 
the heart sounds w^ere faint they were of normal rhythm and there were no 
murmurs The abdomen w'as heavily muscled and scaphoid , there w ere no masses 
or tenderness The bladder w'as distended 

There w'as a flaccid left hemiplegia The knee, achilles and triceps reflexes 
were present on both sides but were greater on the left The right abdominal 
reflexes w'ere present, the left absent There w'as complete sensory loss on the entire 
left side The right hand was slightlj colder than the left, but the color of the 
skin W'as good and the same on both hands 

On July 5, at 12 noon, the blood pressure was 110 sjstohc and 80 diastolic, at 
9 50 p m , the systolic pressure was 140 and the diastolic 95 At this time the 
radial pulse could be felt Examination of the blood showed hemoglobin, 70 per 
cent , red blood cells, 4,500,000 , w'hite blood cells, 19,400 , polymorphonuclears, 88 , 
Ij mphocytes, 6 , monocj tes, 6 The specific gravitj of the urine w as 1 018 , the 
reaction w'as alkaline, there w'as a faint trace of albumin and no sugar There 
were few' Ieukoc 3 tes and epithelial cells The Wassermann reaction was negative 
On Juh 6, during the earlj' morning hours, the patient was conscious but 
confused He took fluids and food with difficultj Hiccup was present At 9 
a m , he w'as conscious, and the hemiplegia was still present The right radial 
and brachial pulsations were absent The pam m the region of the right temple 
and eje was increasing 

At 10 a m. Dr Hubert S Howe was called in neurologic consultation 
Pulsation m the right brachial artery dow'n to antecubital space could be seen 
and felt There was occasional pulsation in the right radial arterj A complete 
neurologic examination was impossible because of the mental condition of the 
patient There w as a left, flaccid hemiplegia, w ith in\ oh ement of the face, tongue, 
arm, hand and lower extremitv The abdominal reflexes were absent on the left 
and active on the right There was a Babinski sign on the left and a questionable 
one on the right There was left hemianesthesia 

■^.t 11 a m , the patient began moving the leit extremities, vshich had remained 
parahzed until then 

■kt 1 p m, he became unconscious and could not be aroused He was moving 
all his extremities frech, and the left upper extrcmitv was then so strong and 
active that a venous puncture could not be done on this side The respirations 
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were stertorous and labored Over the lett side of the chest were coarse rolinw 
rales with inspiration He became paler and slightly cjanotic The corneal 
reflexes were absent The heart sounds were normal The eyeground was normal 
in the right eye, and in the left there was a detachment of the retina on the 
temporal side The rest of the retinal field was pale The vessels on the left 
were smaller than those on the right 

At 4 p m, the patient was definitely worse He was still unconscious, and 
vomitus had to be cleared from his mouth He suddenly became more cjanotic 
and ceased breathing, but the pulse continued rapid and palpable for several min- 
utes Stimulants, intravenous infusion of dextrose and the pulmotor did not 
prevent death, which was probably caused by asphyxia due to aspiration of 
vomitus 

During his twenty-nme hours of hospitalization, he voided 1,100 cc of untie 

Al postmortem examination could not be obtained 

REVIEW or LITERATURE 

Raynaud himself desciibed cases with ceiebial involvement In one 
instance, a woman of 62 had tiansient hemiplegia two veais befoie the 
onset of sj'mmetiical gangiene In the thud case that he descubes, 
theie was paialysis of the light arm Up to 1916, IMomo,® Oslei ^ and 
Noiman® made obseivations in this connection, and the leadei is 
lefeiied to their work foi more detailed lefeiences in the literatme 
Since that time there have appealed ai tides desciibing many bizaire 
neuiologic manifestations in Raynaud’s disease (Weeks and Rennei,'’' 
Hollis," W^aid,® de Forest,® Sieben 
Momo said 

Nearly one-fourth of all patients with Raynaud’s disease are reported to suffer 
or have suffered in the past from phenomena related to disturbances of the nervous 
system Five per cent had convulsions at some time or another and others 

have had diseases such as congestion of the brain general paralysis, etc 
The patient may be a regular epileptic m whom Raynaud’s phenomena began about 
the same time as or many years after the fits 

3 Monro, Thomas Kirkpatrick Raynaud’s Disease, Glasgow, James Mac- 
lehose & Sons, 1899 

4 Osier, William The Cerebral Complications of Raynaud’s Disease, Am 
J M Sc 112 522, 1896 

5 Norman, Hubert J The Cerebral Associations of Ra>naud's Disease, 
Lancet 2 1049 (Dec 23) 1916 

6 Weeks, David F, and Renner, Dan S A Case of Svmmetrma! 

or Raynaud’s Disease Associated with Epilepsy, JAMA 66 651 (Fe - ’ 

7 Holhs, K E Raynaud’s Disease of Four Years’ Duration Acute a 
Termination with Signs of Involvement of Arteries of Central Nervous 
Canad M A J 12-108, 1922 

8 Ward, E H P Manic Depressive Insanity and Ravnaiids uis . . 

Rec 97 694 (April 24) 1920 

9 de Forest, Henry P Ra}naud’s Disease, J M Soc N J 
10 Sieben Ravnaudische Krankheit und Hvsterie, Med Kim 



CARP—RAYNALD S DISEASE AXD CEREBRAL SYMPTOMS AU 


According to Osier, there are no features of Ra}naud’s disease 
suggestne of coarse lesions of the central nervous s}stem There is a 
surprising paucitr of autops} reports in the literature to pro^e clinical 
interpretations In one instance, reported b} Wigglesu orth,^^ an insane 
voman, also epileptic, who had Rajnaud’s s} mptom-complex died sud- 
denl} after a fit At autops}, the pia was slightly thickened, and the 
brain cord and peripheral nen es were normal to the naked er e Micro- 
scopicalh, the spinal cord was normal The peripheral nerres sho\^ed 
‘ degeneration of nervous elements and ovei growth of fibrous elements 
The epmeuriuin and perineurium Avere thickened 

SUMMARY AXD COMMEXT 

The patient ivhose case is reported ivas a 26 } ear old Jew , single, 
born m Austria, wdio had lived m this countr} for tw'ent) -three years 
He came from a neurotic famil}’’ Six }ears before the onset of his 
present illness, he suffered from progressive loss of rision in the left e}e 
w^hich w^as caused b}’' partial detachment of the retina For three }ears 
he had intermittent migrainous attacks on the right side He had been 
discouraged by his prospects in life for several years, and could not 
seem to make aii) headwa} , although intelligent and educated Several 
months previously he observed a transient coldness and blueness at the 
tip of his right index finger, eight weeks previousl} this part of his 
finger had been bitten by a child Thereafter he developed progressive 
dry gangrene of the tip of this finger accompanied by severe pain On 
the morning of admission to the hospital, after an attack of severe 
temporal headache on the right side, he suddenly had a left hemiplegia 
For the first time the pulsations of the radial and brachial arteries on 
the affected extremity could not be felt and the vessels felt like hard 
cords In the couise of the next twenty-four hours, his pulses could be 
felt at times Tw^ent) -eight hours after the inception of his hemiplegia, 
the paiatysis disappeared He then became unconscious and after 
progressne C 3 ^anosis and stertorous respirations, he suddenl} became 
deeply ci^anotic and died in a few' minutes — thirty -tin ee hours after the 
hemiplegia began — ^probably from asphyxia due to aspiration of 
1 omitus 

Clinically', this patient had Ray'naud’s disease, w ith psy chic sy'mptoms 
and ser eral migrainous attacks on the right side or er a period of several 
rears A sudden onset of hemiplegia contralateral to the extremitv 
inrolved and to the side on rrhich he had temporal headache accom- 
panied br intermittent pulsations of the radial and brachial arteries which 
could be felt on the affected extremitr togethei with the subsequent 

11 Wigglesworth T Peripheral Xeunti*; m RaMiaud’c Di=ease (SMnmetncal 
Gangrene) Tr Path Soc London 38 61, 1887 
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disappeaiance ot the paiatysis, point to one etiologic factor— tiaiibient 
peiipheral and cerebral angiospasm 

It IS now known that ceiebral blood vessels in mammals have vaso- 
motor control (Forbes and Wolff/- Kennedy/^* Meaghei and 
Ingiaham/^ Talbott, Wolff and Cobb i’’’) Fmthei, Hiller and Giinkei in- 
stated “The etiology of many obscuie tiansient neivoiis syndionies 
without apparent oiganic cause may be solved by fiuthei stud) 
of the possibility ot functional cii dilatory disturbances ” 

A review of the liteiatuie shows that the ceiebral symptoms of 
Raynaud’s disease aie more frequent than is the usual unpiession, and 
that the manifestations may be cential, vascular oi mental These may 
piecede the obvious clinical syndrome by vaiying peiiods of time 

12 Forbes, Henry S and Wolff, Harold G Cerebral Circulation III 
The Vasomotor Control of Cerebral Vessels, Arch Neurol & Psychiat 19 1057 
(June) 1928 

13 Kennedy, Foster Epilepsy and the Convulsive State, Arch Neurol 5. 
Psychiat 9 567 (klay) 1923 

14 Meagher, R H , and Ingraham, F D The Relation of the Cervical 
Sympathetic Trunk to Cerebral Angiospasm, Arch Neurol & Psjchiat 22 570 
(Sept) 1929 

15 Talbott, John H Wolff, Harold G, and Cobb, Stanley The Cerebral 
Circulation VII Changes in Cerebral Capillary Bed Following Cervical Sym- 
pathectomyy Arch Neurol &. Psvchiat 21 1102 (May) 1929 

16 Hiller, Friedrich , and Grinker, Roy R Functional Circulatory Distur- 
bances and Organic Obstruction of the Cerebral Blood Vessels, Arch Neurol & 
Psychiat 23 634 (April) 1930 



TUBERCULOSIS OF THE STOMACH 


AX AXAL'i SIS OF CASES RECENTLY RE\ lEY ED 

RALPH W GOOD, ]\I D 

CI\CINX\TI 

INCIDENCE 

Fiom available mateiial it vas difficult to deteimine hoY trequently 
tuberculosis of the stomach occuis Data collected from various sources 
are given m table 1 There were even fewer data available on which 
to base an idea of the frequenc}'’ of the lesion as found at operation on 
the stomach At the ]\Ia}o Clinic it occurred m 0 035 per cent of the 
total numbei of 7,416 gastric operations Clairmont’s ^ report included 
2 tuberculous stomachs m 258 gastiic operations (0 80 per cent), and 
Demel’s - report included 3 in 1,568 (0 19 per cent) In the data trom 
the Ma}^ Clinic and the articles just cited, the combined incidence of 
tuberculosis of the stomach, as discovered at operation, was 0 34 per 
cent The average incidence as derived from the total number of 
necropsies also was 0 34 per cent 

Tuberculosis of the stomach has been known as a disease of the 
adult male It has been believed to affect adults and children m the ratio 
of 3 1 The ratio of male to female has been recorded as high as 
5 1 by Melchior, and according to Gossmann and Broders,“ respec- 
tn el)% the ratio is 2 6 1 and 2 1 

PROTECTIVE MECHANISM OF THE STOMACH 

Why any segment of the gastro-intestinal tiact should be unequally 
affected bj'^ tuberculosis remains as ) et unexplained In theorj , biologic 
factors involved in the protective mechanism of the stomach against 
the bacillus of tuberculosis include (1) normal gastric juice (2) intact 
mucous membrane, (3) paucity of Ijmph follicles in the gastric wall 
and (4) noimal muscular action 

Submitted for publication, !Mav 17, 1930 

-Abridgment of thesis submitted to the Facult\ of the Graduate School of 
the University of ilinnesota in partial fulfilment of the requirements for the 
degree of Master of Science in Surgerj, December 1929 

1 Clairmont, Paul Bencht uber 258 ^on Prof ^on Eiselsberg ausegefiihrte 
Magenoperation, Arch f klin Chir 76 180, 1905 

2 Demel, Rudolf Zur P^ lorusstenose auf tuberkuloser Basis, Deutsche 
Ztschr f Chir 183 348 (Dec) 1923 

3 Broders, A C Tuberculosis of the Stomach with Report of a Case of 
Multiple Tuberculous Ulcers, Surg Gjnec Obst 25 490 (Xo% ) 1917 
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MODES or INFECTION, LESIONS 

Modes of Infection— -From an academic standpoint, primary tuber- 
culosis of the stomach has yet to be seen The cases reported as pri- 
mary suffei the limitations mheient both m clinical examination and in 
neciopsy Tuberculous lesions of the stomach are as a uile secondan 
to some othei tuberculous focus m the bod}, for instance a focus in 
the lung 01 in the intestine 

Both experimental and pathologic mateiial leare the question of the 
mode of infection indeteiminate among several possibilities The blood 
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stieam as a route is more generally favoied than the lymph stream 
Infection by ingestion or spread by contmuit) oi contiguit} with adja 
cent tuberculous organs at times can be demonstrated 

Lesions — Excluding in tuberculous subjects diffuse, geneialued, 
nonspecific inflammations, mucosal erosions and generalized niihaO 
tuberculosis of the stomach, there remain to interest the suigeon tie 
moie focal tuberculous lesions associated with ulcer, tumor, scarring an 
then combinations 

The tuberculous ulcer predominates, it can be single or inultipjc, 
var}ang in diameter from a few millimeters to as much as 10 cm 
its typical although mfiequent form, the ulcer presents imdernw^ 
ragged edges and a duty, grayish-vellow base covered at times u! 
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visible tubercles It usually does not extend moie deeply than to the 
muscle la}ei Pei f oration seemingly is its least characteiistic featuie 
Hemorihage from the ulcer is not so uncommon The situation of 
the ulcer usually is along the lesser curvature in the p}loric end of the 
stomach, with a tendency toward appearing on the posteiior wall 

The chief characteiistic of the tumor is its mass, often associated 
uith an ulcer At times theie is early caseation and liquefaction undei 
the intact mucous membrane and pioduction of an abscess of the gastric 
wall The abscess may rupture in sievelike fashion into the lumen of 
the stomach to form multiple ulcers, or interstitial cavernous gastiitis 
Cirrhosis and cicatiizatioii are the earmarks of the scar foim This 
and the tumoi form also are found most often m the pylorus 

With a tuberculous lesion of the stomach there is commonly early 
involvement of regional lymph nodes and a tendency to eaily caseation 
In practice, perhaps because of unfamiliarity, there is little concerning 
the gloss appearance of a gastric lesion that would mark it as tuber- 
culous unless tubercles weie visible The nature of the lesion is estab- 
lished only by microscopic examination The microscopic tubercles 
are most numeious about the muscularis mucosae Demonstrating the 
organisms with proper stains is tedious and difficult 

ASSOCIATION or GASTRIC ULCER, CARCINOMA AND TUBERCULOSIS 

Tuberculosis of the stomach mimics and is always confused with the 
signs and symptoms of gastric ulcer, caicinoma oi their complications 

The coincidence of gastric carcinoma and gastric tuberculosis was 
obseived by Faltin ■* only twelve times In a man 62 }ears of age, with 
tuberculosis of the apex of the right lung, he found adenocaicinoma 
in a tuberculous ulcer Anschutz and Konjetzny ^ found a single 
tubercle in the margin of a gastric carcinoma, and in the legional 
hmph nodes theie veie both carcinomatous metastasis and caseous 
tubercles 

An organic gastric lesion, associated with pulmonar) tuberculosis, 
IS almost bound to be a gastric ulcer or a carcinoma, therefore, the 
patient, unless he is in the teiminal stage of tuberculosis, should be 
accorded abdominal exploration During the period m which the two 
reported cases occuried at operation at the clinic, 2,963 operations were 
performed on the stomach for carcinoma and 1 952 operations on the 
stomach for ulcer 

4 rnltin R Simultaneous Occurrence of Tuberculosis and Cancer in the 
Stomach Fmska lak -sallsk Inndl 68 659 (Juh) 1926, Gleichztiges Vorkommen 
\oii Tubcrkulose und Carcinoma im Magen Acta chir Scandina\ 61 331, 1927 

5 Anschutz ilh and Konietzna, G E Kombination des INfagenkarzinoms 
nut Aragcntuberkulose in Die Geschwulste des Magens, Deutsche Chir Stutt- 
cart Stuttcrart rerdinand Enkc 1921 46 f pp 240-242 
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DIAGNOSIS, PROGNOSIS AND TREATMENT 

Diagnosis — The accurate clinical diagnosis of tubeiculosis of the 
stomach is difficult, if not impossible Theie is nothing distinguishing 
about either the history or the observations on general examination to 
indicate the tubeiculous nature of a gastric lesion An associated 
active pulmonary lesion can only arouse suspicion Tuberculosis ot the 
stomach is met with at opeiation just as frequently m subjects in whom 
no other tuberculous focus can be demonstiated Of the organic 
defects of the stomach, as levealed by the loentgen ray, none is suffi- 
ciently chaiacteiistic to fuinish a diagnosis of tuberculosis of the 
stomach With present methods, the disease will continue to be con- 
founded with gastric ulcer and with caicinoma 

Piogiiosis and Ticatment — ^The comfoit deiived fiom suigical 
measures foi a tubeiculous gastiic lesion justifies the iisk entailed 
When the gastiic lesion is the only manifestation of tuberculosis, 
lemoval should lead to cure Tubeiculosis of the stomach eventually 
needs suigical tieatment There seems to be but a feeble tendency to 
eaily oi complete healing, and in some cases, a lapid tendency to pyloric 
obstiuction A gastiic lesion and its complications m the trials of a 
patient with pulmonaiy tubeiculosis affect one of the deciding issues, 
the state of nutrition If the state of nutrition is maintained, it may 
make it otherwise possible to ai rest or heal the pulmonary lesion under 
medical treatment Whateier the surgical pioceduie may be, it must 
fit the phjsical state of the patient Jejunostomy, gastio-enteiostomv 
and gastiic lesection have their indications 

MAIERIAL 

In 1917, Binders published a leport of a case of tubeiculosis of the 
stomach m a patient who undeiwent surgical treatment He included 
an anal} sis of the cases leported until then, and classified them as posi- 
tive, probable, doubtful and rejected Since Biodei’s report, thntv- 
thiee additional lepoits of cases have been leviewed fiom the literature 
and two other cases have been seen at the Mayo Clinic According 
to the classification which Brodeis employed m his paper, two of the 
thirt}-five cases which form the basis of my study vould qualify as 
positive cases and twenty-foui as probable cases of tuberculosis of t le 
stomach The lemaming nine cases were excluded because the} ^ 
into the doubtful or rejected gioups or because surgical treatment uas 
not employed If a histologic picture of tuberculosis is to be acceptaie 
at all, those cases classified as probable on the basis of a microscopic 
picture of tuberculosis uere cases of tuberculosis of the stomach 

The twenty-six cases (table 2) which remained after nine o 
thirty-five had been excluded uere subjected to anal} sis m tie wp 
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that through recent refinement m both clinical and laborator) methods 
of examination some criteria could be found hich iv ould aid m clinical 
recognition of the gastiic lesion 

The sexes ^\ere about evenly represented, m the t\vent}-fiie cases 
m which sex was noted, thirteen were males and tvelve were females 

Table 2 — Souicc of Case Repot ts 


Probible 

Cises 

Albu in Spezielle Pathologic und Tlieiapie innerer KrinKlieiten, Berlin Iirban <S, 


SchiMrrenberg 1921, lol 5 p 993 1 

Bietzner Berl klin Wclinsclir 57 1237 1920 1 

Bertoloni Osp maggiore 9 197 1921 2 

Biernatli Deutsche med V chnschr 47 1091 1921 1 

Demel 2 

Paltm 1 

Priedman G A J A M A 72 101 {Jan 11) 1919 1 

Hartmann and Renaud Bull et mem Soc anat de Pans 90 337 1920 1 

Hofer Beitr 7 klin Chir 126 555 1922 1 

Hurst Guj s Hosp Rep 75 428 (Oct ) 1925 1 

Majo Clinic 2 

Melchior E Mitt a d Grenzgeb d Med u Chir 39 205 1920 3 

Orsos 1 

Razzaboni Policlinico (sez chir ) 26 153 1919 1 

Rother Berl him Wchnsdir 55 1049 (^ov ) 1918 1 

Seierin Berl klin M chnschr 54 738 1917, Deutsche med Wchnsthi 

52 1108 1920 1 

Spengler Med Klin 17 101 (Jan 23) 1921 1 

feuermondt Kederl lijdschr \ geneesk 1 2309 1925, abstr J A JI A 85 
230 (July 18) 1923 1 

Millerding Arch f klin Chir 128 109 1924 1 

Total 20 


Tablc 3 — Symptoms and Signs of Tiibei culosts of the Stomach 
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The ages ranged from 18 to 62 }ears, and averaged about 3Sy2 }ears 
The thud decade of life was represented b} the greatest numbei 

The gastric S 3 mptoms and signs (table 3) vere present for periods 
■\ar\mg fiom three veeks to sixteen lears and aieraged close to two 
}ears The most constant sjmptoms were epigastric pain after meals, 
loss of weight and strength and lomiting Epigastric pain after eating 
was piescnt m twent\-four cases In twenti -three cases in which loss 
of weight and strength were mentioned, the\ were recorded as being 
piesent In twenh-two cases lomiting was recorded as present in 
nineteen (86 per cent) and as absent in three In the total of twenti- 
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SIX cases, hemoiihage from the mouth -was lecoided three times, and 
from the bowel, five times Constipation and dianhea, judging from 
the number of times that the)^ weie not mentioned, seemingly Aveie of 
little significance, but constipation was mentioned a few more times 
than dianhea In twenty-two cases, fiee hydrochloric acid was recorded 
as piesent in fifteen (68 per cent) and as absent in seven In the 
senes it ranged from 0 to 65, and aveiaged about 16 

The preoperatne diagnosis included gastnc ulcer in eight cases, 
gastiic carcinoma m four and pyloiic obstiuction in six Tubeiculosis 
of the stomach was thought of but once In six of the cases in which 
the diagnosis was combined ulcei and p 3 doric obstiuction, the presence 
of a malignant lesion could not be luled out 

Nine (39 1 per cent) of twenty-three cases piesented definite tumors 
on palpation m the upper pait of the abdomen, three (13 I pei cent) had 
questionably palpable tumors and eleven (47 8 pei cent) did not present 
a mass 

In twelve of twenty-fom cases, theie were manifestations of tubercu- 
losis elsewheie in the body In cases m which tubeiculosis was present 
elsewhere, pulmonaiy lesions were represented m 100 per cent Besides 
pulmonary involvement, m one case there were lesions of bone and in 
anothei, tubeiculous epididymitis 

In twenty (77 pei cent) of twenty-six cases, roentgenologic examina- 
tion revealed some sign of organic gastiic defect Hour -glass deformity 
was represented m two cases 

Radical surgical tieatment piedominated In twenty cases (77 pei 
cent) some t 3 '^pe of gastric lesection was done the Billroth II type of 
anastomosis was done in ten cases and the Polya type in two, excision 
of the lesion, combined with gastro-entei ostomy, was done in two, a 
Kocher gastioduodenostomy was done in one case and the type of 
resection was not i ecorded in five cases Gastro-enterostomy alone u as 


done in five cases and biopsy alone in one case 

Concerning the possibility of recognizing the lesion at the time o^^ 
operation, tuberculosis was mentioned in only one case, a case in m 
tubercles weie visible The nature of the lesion was surmised in tire 


cases, m two cases the lesion was called carcinoma 


and in two it was 


questioned as being carcinoma ,_q 

Of the twenty-four cases in which the result is known, 
per cent) patients survived the operation and five (21 per cent) 

Two patients were alive and well, respectively, three and a ha an^ 
j^ears after operation Both were operated on for carcmorna 
stomach , in neither case was there clinical evidence of tubercu os 
where in the bod}’" There were two deaths, respectivel3S mo ^ 
and in two and a half years after operation, both from tubercu osi 
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The tubeiculous gastnc lesions in the twentj'-six cases Mere as tol- 
low s ulcei onh ten cases , luinoi and ulcci , ten , tumoi onh , three , 
milian onh two and mihar\ with tumor one case 

The paits of the stomach nnohed included the jwloius m se^cnteen 
cases the lessei cun atm e in nine cases, the posteiioi w.ill m se\en cases, 
the anterior wall m foui cases and the gieatci cunatuie m two cases 


KrpORT 01 c \sns 

C\sb 1 — man aticcl 40 presented linnself at tlie Ma\o Clinic on Feb 1 
1927, complaining of pain in tlic stomach and of abdominal distention He had 
been married for se\en lears, his mfe and two children enJ 0 ^ed good health 
For the fne eears before he came to the clinic he had had a periodic, contiiuioiis, 
gnawing epigastric pain aggraeated b\ the taking of food, and lasting irom one 
to two weeks, with respites of from two to three months ^Mlen the pain had 
been present the epigastrium had been sore to the touch \fter two \cars, the 
pain had mere ised in sc\erit\ and the itt icks had increased m duration siifficicntK 
to become incomenient and to cause marke 1 failure of the appetite He had 
borne the se\erer spells for another eear and then had sought medical aid On 
in\ estigation elsewhere, a gastric ulcer had been diagnosed chnicalh and had 
been confirmed roentgeiiologicalh Tonsillectonn and a medical regimen had 
been earned out with immediate but temporir\, rebel The pain and disabihU 
had returnoJ to such a degree that the patient had been confined to bed for inter- 
nals of from one to two dans <\t the time he irrined at the clinic there nnas no 
relief from taking food, but some relief Irom taking sodium bicarbonate complete 
relief nnas alnnans obtained bn inducing nomitmg There nnas no pain at night 
Until one near before he came to the clinic his nn eight had been stationarn but 
since then he had lost as much as 40 pounds (181 Kg) 

General examination rencalcd a fairln hcalthn, undernourished-lookmg man 5 
feet 9)4 inches (176 13 cm ) tall, nntighing 106 pounds (48 1 Kg ) The tempera- 
ture nnas normal The heart and lungs appeared to be norm il Abdominal exam- 
ination disclosed onln a palpable, slightln tender mass in the region of the 
pnlorus The urine nnas normal to examination, the concentration of hemoglobin 
nnas 76 per cent, leukoentes numbered 5,300 in each cubic millimeter of blood 
Anahsis of the gastric content disclosed total aciditn cquinalent of 56 (5 6 cc 
of tenth-normal sodium hndroxide ncutrahred 10 cc of filtered gastnc content) 
The free iij drochloric acid nnas estimated as 40 The quantitn of gastric content 
recon ered nnas 120 cc The Wassermann reaction of the blood nnas negatine 
Roentgenologic studn of the thorax gane negatine results on tnno occasions The 
gallbladder appeared to be normal on roentgenologic examination, but the gastnc 
roentgenoscopic examination renealed a small ulcer, interpreted as benign, situated 
on the lesser curnature at the angle of the stomach 

Exploration of the ulcer nnas adnised and nnas done on February 10 Along 
nnith an ulcer at the middle of the lesser curnature of the stomach nnas a large, 
infiltrating, indurated area in the gastric nvall associated nnith a large number 
of hard, enlarged lymph nodes m the lesser omentum Seneral of the latter were 
remoned for examination Partial gastrectom> nnith a Billroth II tjpe of anasto- 
mosis nvas done 

In the resected portion of the stomach there nnas an apparentln inflammatorn 
lesion and a superficial ulcer without a crater The Ivmph nodes also, to all 
appearances, were inflammatorj iSIicroscopicalln , both the gastric lesion and the 



422 


ARCHIVES OF SURGERl 


l}mph nodes presented the picture of tuberculosis The mucous membrane gen- 
erally was intact, but it displaj^ed a rich, lymphocytic cellular reaction, with scat- 
tered foreign body giant cells, with and without the formation of tubercles The 
b’mph follicles were not involved The submucosa was thick and compact and 
gave evidence of h 3 '-aline changes It also contained tubercles of typical structure 
within its upper half, toward the muscularis mucosae There were many congested 
blood vessels surrounded bi"- lymphocytic infiltration The muscle layer was 
swollen and hyalinized, and there was some increase of connective tissue and 
cellular reaction The predominating reacting cells were lymphocytes, but near 
the serosa there ivere regions of pohunorphonuclear cells The organisms were 
sought for but were not found 



Fig 1 (case 1) — T\pical tubercle 


formation at the muscularis mucosae, X 75 


The postoperative convalescence was uneventful Examination, 
revealed that the only complaint wms of gas and discomfort m 112)^ 

associated wnth overeating and the ingestion of milk The w'ei^ ^ 
pounds (51 1 Kg ) The urine again was normal , the concentration of » 

was 74 per cent Many blood cell counts were within norma limit 

of the gastric content disclosed achlorhy^dria, and a tota aci ' ' ® ’ f tubei'- 

present in abundance Again the thorax did not present c ^ j^l,ose 

culosis Roentgenograms of the colon gave evidence o f.,•lterostoffl^ 

of the stomach indicated that the lumen at the point of gastr - 

^"^^The patient was well m Juh, 1929, but was somewhat underweight and 

nervous ^ 9 g 1928 

Case 2 -A man, aged 56, presented himself at j%°Jgrculosis ’at the 

complaining of his stomach One of his sisters had i 
age of 40 His wife and daughter were m good health - 

he had had scrofula which had manifested itself in the spinal coin 
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groin A.t the ages of 21 and 42, he had hid sieges of illness called tjphoid 
fe\ei Between the ages of 40 and 46 he had begun to ha\e periodic attacks of 
epigastric pain coming on late iftcr meals, these attacks occurred for «i\ weeks 
at a time in warm weather At the age of 44, in the course of one of his attacks, 
he was semed with an agoni/ing epigastric pain Oper ition was perfoimed immc- 
diatelj Afterward he was told that he had had a perforating gastric ulcer, 
which had been closed IIis previous disabilitj soon returned and waas complicated 
b\ lomiting Fue lears later, during an attack, he experienced great weakness 
and loss of weight, at one time, a hemorrhage from the stomach had resulted in 
loss of a quantiti of blood estimated to be at least a liter He had submitted 
to a medical regimen, <ind his condition hid begun to impro\e at once He had 
\ague recollections of having had slight epigastiic discomfort since then, during 
tlie summer There had been no pain at night, o\erwnrk and riding m the saddle 
hid caused tlie distress to ictuin From Octolicr to December, 1927, be had 
felt well for the first time m leirs Then he had begun to note in the mornings, 
a sensation as if a ball were rolling around m his stomach Riding m the saddle 
had begun to nauseate him uid he had begun to lose appetite and also weight 
Bloating, belching and loimting, of food eaten is long as tw'ehe hours before, 
had set in On one occasion there again had been blood-tinged ^omltus, in two 
months the patient had lost 15 pounds (68 Kg ) 

General examination re\ealed an emaciated dclndrated man, 5 feet SYi inches 
(166 37 cm) tall, weighing 127 pounds (57 6 Kg) There was marked dorsal 
scoliosis and kiphosis, with small, crusted, superficial ulcers o^er the bon\ prom- 
inences of the back Examinations of the heart and lungs did not gne significant 
results, except for the marked thoracic deformity The abdominal organs appar- 
enth were normal There were scars marking the site of the scrofula in the 
groin and an incisional scar on the abdomen Anahsis of gastric content disclosed 
a total acidit\ of 50 and free hydrochloric acid of 34 Blood was present m the 
aspiiated content The Wassermann reaction of the blood was negative Urinaljsis, 
except for an occasional pus cell, disclosed normal conditions The concentration of 
hemoglobin was 74 per cent, the leukocjtes numbered 4,200 m each cubic millimeter 
of blood Roentgenologic examination of the thorax ga^e evidence of old pleuritic 
adhesions to the right side of the diaphragm, old destructive arthritis of the tenth 
and eleventh thoracic lertebrae, with fusion, and marked angulation of the spinal 
column The interpretation of the gastric study w'as that there was an ulcer, prob- 
ably malignant, on the posterior wall of the stomach at the angle A preoperative 
diagnosis of probable carcinoma superimposed on a gastric ulcer was made, and 
exploration of the lesion was advised 

The patient w'as hospitalized for the purpose of feeding him and building up 
his ability to take fluid Operation w'as done on July 3, 1928 Well around on 
the anterior aspect of the stomach w'as a fine, wdute line that w'as taken to be tbe 
mark of previous closure of a perforation Above this line, and extending pos- 
teriorly, an ulcer, with a crater 2 cm m diameter, w'as palpable Even though 
the stomach w'as adherent posteriorly, the only advisable procedure seemed to 
be resection of the stomach About half of the organ w'as removed, and a 
posterior type of Polya anastomosis ivas made The resected specimen presented 
marked thickening, induration and unevenness of the gastric wall, together with 
an ulcerated area 2 cm m diameter, with no distinguishing marks 

Microscopic examination of the gastric w'all and of the lymph node, attached 
in the omental tags disclosed a tuberculous process All the lajers of the stomach 
W'ere greaty thickened The mucosa, where it was intact, seemed sw'ollen and 
richly in\aded bv Ijmpbocj'tes The Ij'mph follicles W'ere large, the germinal 
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centers were thin and the denser peripheral zones were irregularly drawn out 
far toward the surface of the mucous membrane, the follicles were free from 
inrolvement by tubercles Beneath the muscularis mucosae, tubercles with and 
w ithout giant cells appeared as large clear whorls, with a very slight Ivmphocvtic 
reaction about them The submucosa was greatly thickened by an increase in the 
hyalinized fibrous tissue The blood vessels were large, fairly numerous and dis- 
tended There wms an occasional small, free hemorrhage In the entire layer, there 
was an absence of cellular reaction "Ihe hymline-hke muscle layer presented swol- 
len bundles of muscle fibers widely separated as much by edema as by an increase 
of connective tissue The serosa w'as approximately twice as thick as the layer 
of muscle, it rvas edematous, and rvas rich m hyahnized fibrous tissue The blood 
vessels w'ei e congested and one vessel \\ as thrombosed There w'ere no tubercu- 
lous formations near it Along the edge of the ulcer, wdrere the mucous membrane 



Fig 2 (case 2) — Tubercle formation along the muscularis mucosae, X 

was still recognizable but not intact, typical tubercles, rvith rich polymorphonuclear 
exudate, w^ere present The necrotic center of the ulcer went through to the ayer 
of muscle For a wide margin about the necrotic area there was an extreme ' 
dense eosinophilic cellular reaction, which at points where the ulcer and muse ^ 
came in contact extended throughout the lay^er of muscle The necrosis m 
bed of the ulcer did not appear to be caseation necrosis Nothing resem m^ 
tubercles w'as noted m its vicinity' The regional Ivmph nodes w ere all but rep 
by noncaseating tubercles , the germinal follicles ivere immvolved rgani 

were sought for, but were not found oHap'C 

The patient died on the seventh postoperatne day, from circulaton c 

complicated by diffuse pneumonia coalescme 

At necropsy, the major anatomic diagnoses were bilateral, massne 
bronchopneumonia, healed lesions of adhesive pericarditis an p en ^ 
healed lesions of tuberculosis of the lungs and spinal column and ar 
What seemed to be about a third of the stomach remained and appearc 
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Microscopic cxamimtioii of specimens fiom the lower lobe of the left lung, the 
spleen, an aortic hinph node and the lesser omentnm disclosed more or less tjpical 
tormation of tubercles 

Comment —Case 1 is t}pical of those lepoited as examples of pri- 
mal y tubeiculosis of the stomach It is the type that lends itself favoiably 
to a good piognosis 

Case 2 piesents much eiidence of pievioiis tubeiculosis elsewhere in 
the body, ai tested, if not healed There is no evidence on wdiich to base 
a belief that the long histoiy of gastiic distuibance, maiked by an acutely 
peifoiating ulcei, was caused bi tubeiculosis of the stomach fiom the 
beginning 

The histoi) in each case was fundamentalh that of gastric ulcei 
Thei e w as no difficult} by clinical and laboi atoi } means in establishing 
the piesence of a gastiic lesion 

SUMMAKY VXD COKCLIJSIOXS 

Tubeiculosis ot the stomach is a laie disease of adults The out- 
standing elements accompan}ing the chionic dyspepsia aie pain aftei 
meals, loss of weight and stiength and vomiting Half of the cases aie 
associated wnth tuberculosis elsew'heie in the body The disease is mis- 
taken foi gastric ulcer oi caicmoma Sjmptoms of pyloiic stenosis are 
common The tieatment is suigical, and by choice consists of ladical 
lesection of the lesion-beaiing poition of the stomach The pyloiic end 
of the stomach is the site of piedilection In most instances, the gross 
appearance of the lesion, except foi the piesence of an ulcei, a tumor, 
scan mg oi combinations of the thiee lesions, does not identif} itself as 
tubeiculous unless visible tubercles are present The real natuie of the 
lesion is revealed only by micioscopic examination Bacilli of tubeicu- 
losis are difficult to demonstiate m the lesion 

The presence of an organic gastric lesion can be relatively easily 
established If suigical treatment is prescribed foi all chronic organic 
gastiic lesions, the laie disease of tubeiculosis of the stomach does not 
create a new problem 

In most instances evidence of tubeiculosis elsewhere m the body is 
not a contraindication to exploration of a gastric lesion 

Tuberculosis of the stomach is diagnosed by histopathologic methods 
Theie is no need clinically to differentiate tubeiculosis of the stomach 
from the commoner chronic oiganic gastric lesions m order to institute 
the proper treatment 



THE ROLE OF THE PYLORIC SPHINCTER IN HIE 
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It IS the puipose of tins leport to present obser\ations on certain 
changes in the behavioi of gastiic acidity which follow experimental 
diminution in the actnity of the pyloric sphinctei (p}lonc insufficiency) 
In pieMOUS communications^ fiom this laboiatoi} experiments were 
desciibed which indicated that lefliix of alkaline panel eatic juice into 
the stomach was piobably an impoitant factor in the legulation of the 
IcAel of gastiic acidity One might expect as a coiollai}- that the pyloiic 
sphinctei governs this legmgitation in a decisive waj Diiect loentgen- 
oiogic obseivations of such a phenomenon have been made in human 
beings b\ Salamond - The piesent expeiiments add fmthei suppoit 
to the theoi} 

PREVIOUS WORK 

That theie is a lelationship between gastiic acidit) and the pyloiic 
muscle has long been noted fiom a gieat vaiietv of evidence® winch 
need not be reviewed heie A succinct statement of this relationship 
vas advanced m 1907 by Cannon^ in a theory called the “acid contiol 
of the p 3 loins,” which stated that acid, on the stomach side opened, and 
on the duodenal side closed, the pyloins On that basis, the gradual 
empt 3 ing of the stomach was explained 

For a gieat man3'^ 3^eais this theor3' was quite geneiallj accepted, 
and undoubted^’- accounts for a good many facts The theorj fads, 
however, to explain a number of phenomena, inanj'' of which Cannon 
himself called attention to m his oiigmal communication One of the 
significant objections is that it does not explain hov the p3lorus opens 
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in patients with anacidit) , a condition which we now know is not 
infiequent in healthy peisons Indeed, in such peisons in spite of the 
absence of acid theie is often fluoioscopic evidence of a patulous pyloius 
and an inci eased emptying time Hypei acidity, on the othei hand, with 
01 without s3mptoms, instead of acceleiating pyloiic opening, is fie- 
quently associated with p3lorospasm and delayed emptying It has 
been iepeatedl3 shown, moieovei, in expeiiments on both laboiatoiy 
animals and man,® that within noimal limits the moie acid the test 
solution the moie slowly it lea^es the stomach Cannon explained the 
lattei facts by stating that the stionger acid, lequuing longei foi its 
neutiahzation on leachmg the duodenum, thus maintains closuie of the 
P3 loins and dela3S empt3mg Tins conception emphasizes the impoi- 
tance and necessit3’’ of neutialization of acid but does not support the 
pait of the theoiy concerned with the lole of acid on the stomach side 
111 opening the pyloius The neutiahzation of acid undoubted^ plays 
a most decisue idle, hut, as indicated b3' the evidence aheady referred 
to,^ It piobabl3'' occuis m the stomach through leflux of panel eatic juice 
lather than in the duodenum diiectlj 

One of the gieat difficulties in explaining the evident lelationship 
which neveitheless exists between the pyloiic sphinctei and gastiic 
acidity is the pioblem of measuiing the degiee of activity of the pyloius, 
which has been called by Caiman ® the gieat “X quantity” m loentgeno- 
logic investigation of the stomach Most obseiveis have taken the 
emptying time of the stomach as a measuie of pyloric activity even 
though factois othei than the opening and closing oi the “tonus” of the 
sphinctei may be of even greatei significance Ceitain of them, it is 
true, may be standaidized such as the kind of food, or its bulk or fluidity 
Neuromuscular factois, howevei, such as gastric peristalsis and “gastric 
tone” as well as the impoitant influence of the amount of food in the 
duodenum,’’ aie usually beyond contiol A still furthei source of con- 
fusion has been the use of various “test meals” to evoke a gastiic 
response or, moie particularly, acidity m the contents of the stomach 
The results are geneially of gieat vaiiability even when produced by 
simple means When excited by protein the degree of acidity developed 
IS frequently masked by its combination with the test substance In 
any case the acidity measured does not really i epi esent the true gastric 
response, but, as pointed out in oui pievious papeis, is probably a resul- 

5 Serdjukow, A S Diss , St Petersburg, 1899, cited b}’' Babkin (footnote 
3, p 802) Hedblom, C A , and Cannon, W B Am J M Sc 108 504, 1909 
Moritz Ztschr f Biol 42 589, 1901 

6 Carman, R D Roentgen Diagnosis of Diseases of Alimentary Tract, 
ed 2, Philadelphia, W B Saunders Company, 1921, p 1929 

7 Alvarez, W C The Mechanics of the Digestive Tract, ed 2, New York, 
Paul Hoeber, Inc , 1928, p 178 
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tant of two factois, gastiic secretion and neuti alization, the latter factor 
being frequently oVei looked Vaiiations aie theiefoie not suipiisnig 
and make deductions all the moie difficult An inteiesting leview of the 
entile question of the contiol of the pylouis can be found in the lecent 
monogiaph by Alvaiez" 

Expel mients diiected towaid alteiing the pylorus itself with subse- 
quent study of gastric acidity have been few In general, gastric acidity 
has been found much lowei both in human beings and m dogs following 
vaiious types of pyloiectomy® Thompson'’ has lecently shown e\peii- 
mentally that this change is gieatei the moie completely the p3lonis is 
lemoved He also pioved that this i eduction is not due to alteiations 
of secietion, foi the juice fiom a Pavlov pouch in such dogs showed a 
noimal acidity Aftei pyloi oplasty in which the sphincter is cut acioss 
a similai loweiing of gastric aciditi'^ has been obseived both in human 
beings''® and in dogs" Deavei and Bin den'® haie lecently lemoved 
the anterior half of the entiie pyloiic wall in man for pyloiospasm and 
duodenal ulcer Reduction of gastiic acidity was not obseived, although 
the patients weie lepoited as gieatly leheved by the opeiation Unfor- 
tunately, 111 all these opeiative pioceduies stiuctuies othei than the 
sphincter aie alteied, so that clear mfeiences aie unjustified The 
simplest foim of pyloiic insufficiency, such as may be pioduced by 
cutting acioss the muscle alone, has appaientl}^ escaped expeiimental 
study, at least fioni the point of view of its eftect on gastiic acidity 
Stiauss lemoied a tiiangulai piece of the pyloiic muscle in dogs and 
noted a peisistent lowei mg of the emptj'ing time, but lepoited no obser- 
vations on gastric acidity Incision of the hypeiti opine pylorus in 
infants is a fiequent operation, but no studies of the contents of the 
stomach have appaiently ever been made m them It is inteiesting 
howevei, that a few years ago Zahorsky described a condition (he 
called It the “Zed reaction”) which immediately followed the Rainm 
stedt opeiation for the lelief of pyloiic stenosis in infants The piomi 
nent sjmiptom was wateiy diaiihea in spite of a gain in weight wt 
this was piobably due to the sudden development of intestinal legur^,! 
tation IS shown by the finding of BaciUits coli m the stomach m sum 
cases That an anacidity also exists is made likely by the fact t la 
clinical cure results fiom the feeding of acid to these infants ncee 

8 Babkin (footnote 3, p 443) 

9 Thompson, H L Proc Staff Meet , Mayo Clm 5 88 , 19 

10 Finney, G G Personal communication to the authors 
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12 De«er, J B, a„d Burden, V G S Cl,., Norll, America 9 TO, 

13 Strauss A A Longitudinal Resection of the Lesser ur\a 

M A 82 1765 (May 31) 1924 

14 Zahorsk%, J M Clm North America 9 117, 1926 
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the use of lactic acid milk is said to have leceived much impetus fiom 
its success 111 such cases 

METHODS 

The behavior of gastric acidit}' was studied in a special i\ay by means of an 
“acid test meal ” Healthy dogs of from 8 to 12 Kg were selected, and after an 
appropriate fast were given 200 cc of 0 5 per cent hj drochlonc acid by gavage , 
samples were removed every twenty minutes and titrated for “free” and ‘ total 
acid A “neutralization” curve was then plotted which represented, not the gastric 
response to a stimulus, but the effectiveness and rapidity with which acid, once 
present m the stomach, is neutralized and discharged into the duodenum A 
detailed description of this method and a discussion of its advantages will be 
tound m our previous papers Normal curies varied but little between dogs 
of the same size Ne\ ertheless, two or three tests were often made preparatory 
to operation 

Operations were cairied out with aseptic precautions and under complete ether 
narcosis Through a right rectus incision the pilorus w'as brought up into the 
wound With careful use of a sharp scalpel all the circular pjloric fibers w'ere 
cut bi a longitudinal incision across them carried dowm to the submucosa It 
was necessari to be sure that all fibers ivere se\ered else regeneration rapidU 
took place Perforation, on the other hand, had to be avoided m order to obviate 
the scarring and narrownng w'hich follow’cd suturing it A good pout or bulge of 
the submucosa into the incision attested the completeness of the dissection Any 
slight bleeding was usuall) controlled readilj by a hot pack Only occasionally 
was a ligature necessary The raw area was then carefully covered with omentum 
which prevented the grow'th of scar between the cut ends of the muscle and 
precluded the development of adhesions to surrounding structures The wmund 
w'as then closed in layers Observations on the neutralization of the “acid test 
meal” were carried out within fourteen dajs after operation and for varying 
periods up to ten months The animals were killed w'lth chloroform and the 
condition of the pylorus carefullj noted Control evperiments consisted of similar 
incisions over the duodenum and prepjlonc antrum and of simple laparotomy 


OBSERVATIONS 

In a gieat many contiol dogs there was no change in the neutiahza- 
tion cm\e even aftei two or more operations, other than cutting of the 
pylorus, weie performed m the same animal In several early experi- 
ments no change oi only a tiansient one was noted even after division 
of the pyloiic sphincter oi excision of part of it In each of these 
cases it Avas found at autopsy that pyloiic insufficiency had not been 
achieved The incision was incomplete, new muscle or fibious tissue 
had grown across the incision, or there weie film adhesions between 
the pyloric scar and liver or the gallbladder But in eight dogs perma- 
nent changes were observed ivhich were considered satisfactory for the 
experiment Four died of accidental causes at peiiods shorter than four 
months after opeiation Four of them lived from four to ten months. 


15 Hartmann, A F Personal communication to the authors 

16 Elman (footnote 1, first and second references) 
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aftei which obseivabons were discontinued These expeinncnts «,ll 
be described in detail In each case at autopsy a complete pylon” 
insufficunicy was deinonstiable by the pouting oi bulging the I 
mucosa through the incision and the absence of adhesions between it 
and the sui rounding organs fSee figs 2, 3 6 and 8 ) 
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Fig 1 — Neutralization curves for dog 349, weighing 12 Kg The dog 
killed on March 25, 1930, and showed a definite pouting at the p3lorus "ith 
adhesions Figure 2 represents the gross specimen and figure 3 a section throngl' 
the pylorus 


The change was appatent soon after opeiation (the earliest obsena 
tions were made on the fifth day) and consisted in a more lapid drop tn 
the acidity of the test solution and usually a quicker empttmg 
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The obseivations aie lepiesented in the accompanjing chaits (figs 1, 
4, 5 and 7), which aie self-explanatoi)" The contiol experiments weie 
negative and will not be mentioned furthei, since one is lepresented m 
dog 161, in which such contiol obsenations were made pievioiis to the 



Fig 2— Photograph of gross specimen from dog 349 The lumen of the 
specimen was filled \\ith vater before fixation The arrows show the pouting 
of the submucosa thiough the pvloric incision 



Fig 3 — Sketch from a longitudinal section through the area indicated bv 
arrow's in figure 2, showing the absence of muscularis (represented b}' the solid 
black) over the incised pj lorus 

splitting of the pyloius As will be noted in the protocol and chait of 
this animal, incisions over the pi ep) lone antrum and duodenum wreie 
without efifect , onl} after the p) lone sphincter w as successfully tut did 
the usual drop in the neutralization cur^e take place (hg 4 ) 






Fig 4 — Neutralization cur\es for dog 161, weighing 11 Kg Control curves 
( 1 , 2 and 3 ) show the absence of anj effect of incisions over the prepjdonc antrum 
and duodenum The curve five months after splitting of the pyloric sphincter is 
shown below Autopsy showed a good pout at the site of incision (see protocol in 
text) 



Fig 6— Sketch from a cross-section of the pylorus in dog B14, showing the 
absence of muscularis (represented bj the solid black) o\er the incised p\lorus 



llinu-fces 

Fig 7 — Neutralization cur\es for dog 303, weighing 11 Kg, killed six months 
after operation because of extensive mvohement of the skin with mange Autops\ 
shoived a good pout and no adhesions Figure 8 show's the gross specimen cut 
open 
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observations at autopsy in this dog aie also of special interest, and a 
protocol will theiefoie be given 

Dog 161, a black female, weighed 11 Kg The neuti ahzation lest made before 
operation showed the usual curve (cur\e 1, fig 4) On Feb 19, 1929, a longi- 
tudinal incision about 2 inches (5 cm ) long was made on the anterior surface 
of the prep 3 lonc antrum from the incisura to the beginning of the pjlorus The 
submucosa pouted into the opening, which was covered with omentum One 
month later another test showed no change (curve 2, fig 4) At a second opera- 
tion the prepyloric incision was found intact, not adherent, with no scarring 
across its edges An incision was made along the duodenum distal to the pylorus 
and coi ered with omentum Curve 3 in figure 4 shows no change several weeks 
later Ihe dog was not observed over the summer months, but on September 25 



Fig 8 — Photograph of gross specimen from dog 303 The lumen of the 
specimen was filled with water before fixation, and then the anterior wall w'as 
cut awaj"^ The arrows indicate the incised part of the pylorus Sections of this 
area show the same picture as represented in figure 3 


show'ed no alteration in the neutraliration curve (not shown in fig 4) 'kt opera 
tion the next day the pyloric sphincter w'as carefully cut across as desen 
This time there was a decided drop in the neutralization curve on repeate es^ 
after operation The curve obtained at five months is represented in guie 
Shortly afterwmrd the dog showed signs of gastric irritabihtv and \omite , 
was found dead on i^Iarch 16, 1930 Autopsy revealed a good pout «iro^ 
pvlonc incision, with no adhesions around it except to the 
omentum The prepyloric and duodenal incisions had both healed w ith > e 
The pancreas w'as hard and white and had seieral areas of fat necrosis i^^^ 
capsule and a few in the surrounding mesentery kkOien the duodenum w as 
a small perforating ulcer was found on its posterior wall just (s a 
pilorus W’hich opened into a small cavitv full of tangled hair 
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COMMENT 

The obseivations heiein lepoited indicate that gastiic acidity is 
moie lapidly neutiahzed and the gastric emptying time somewhat 
1 educed consequent to successful division of the pyloric sphmctei, and 
that this eftect peisists as long as ten months, oi the duiation of the 
observations It does not seem unfaii to infei that the lemoval oi 
diminution of this baiiiei lendeis the stomach more readily accessible 
to duodenal contents, notabl}^ alkaline panel eatic juice, which is thus 
more easily regurgitated, augments neutialization and makes for a low 
gastiic aciclit) If this is true, the theory may be advanced that gastiic 
acidity may be legulated by the pyloius lathei than vice versa, i e , that 
one majf peihaps speak of the pyloric contiol of gastiic acidity 

It is, of couise, possible that these obseivations may be explained 
111 anothei way Thus, one may suppose that the acid solution is more 
rapidly neutialized in these expeiiments because it is being discharged 
fiom the stomach moie rapidly, assuming that factois within the stom- 
ach aie wholly responsible foi its neutialization, and theie is, thus, 
much less of the acid to neutiahze Fiom an examination of oui data, 
howevei, the inci eased emptying time is not always a piomment featuie 
of the change and, indeed, in some of the experiments did not occui 

Moie significant, however, is the fact that the existence oi at least 
the impoitance of these intiinsic gastiic factois has not been amply 
demonstrated Mucus, foi example, was obseived m these experiments 
only in the last samples and often not at all The secietioii by the 
stomach of a neutial chloride which loweis gastric acidity by dilution 
IS assumed by MacLean and Griffiths on the basis of man)'- special 
fractional test meals m man This idea is similar to Pavlov’s old 
assumption of a “Veidunnungssaft,” an idea which fell by the wayside 
because of insufficient support ® The most significant facts indicating 
that intrinsic gastiic factors piobably play but a minor role are that 
they fail to operate under so many expeiimental conditions Thus, it 
has been shown that neutralization does not take place when the pylorus 
or panel eatic ducts aie tied, is slowed in partial pyloric obstruction, 
and IS absent when the pancreatic juice is drained to the outside 

The present observations would seem to account for the frequent 
association between anacidity and a patulous pylorus, the lattei favoring 
leflux of pancieatic juice and thus exjdammg the foimer It brings 
up the question of the cause of anacidity so fiequently found in, and 
often considered essential to, the diagnosis of gastiic carcinoma That 
this IS scarcely due to absence of secietion is shown by the frequent 
finding of great stretches of normal appearing and staining gastric 


17 MacLean, H , and Griffiths, W J J Physiol 66 356, 1928 

18 Elman (footnote 1, first and second references) Babkin (footnote 3) 
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mucous membiane at autoj^sy even when laige paits of the oigan are 
mvolved in the new giowth Koi is the finding of anacidity iinaiiable 
We have seen se^elaI cases lecently in which noimal acidity was piesent 
In seveial patients with pioved caicinoina of the stomach, too few to 
diaw geneial conclusions, one of us (R E) has obtained veiy rapid 
neuti ahzation cuives aftei “acid test meals,” which suggests that eithei 
a patulous pyloius may account foi the anacidity oi that the growth acts 
as a splint to the muscle pi eventing conti action and thus promoting duo- 
denal 1 egui gitation The dela}ed emptying of the stomach frequently 
noted on loentgen examination of cases of gastric caicinoina does not 
necessaiily pieclude this idea, because if the wall of the stomach is 
splinted by the gi owth it cannot empty adequately Recently, Hughson,^'' 
by “splinting” the pyloius in a special way, was able to show an increase 
in the healing of expeiiinental ulceis, though unfoitunately he made no 
studies of gastiic acidity 


If the pydorus plavs an impoitant idle m legulating gastric acidityy it 
explains the fiequent obsenations of hy'peracidity^ m cases with dynamic 
pyloiospasm fiom ulcei oi leflex causes, and emphasizes the impoitance 
of this stiuctuie 111 the cuie of such conditions It is of interest to 
note that in a lecent papei by' Einhoiii"® seveial patients, pooi suigical 
iisks, aie lepoited as gieatly relieved flora symiptoms of duodenal 
ulcer by' sti etching of the py'louis without operation This was done 
by' having the patient swallow a collapsed balloon which was then 
allowed to pass into the duodenum The balloon was then sufficiently 
inflated and pulled back thiough the py'louis Analogous to this, per- 
haps, IS the relief often seen following manual dilatation of a spastic 
sphincter am both in piomoting colonic motility' and m the healing of 
fissuies of Its mucous membiane Expeinnents aie now m piogiess 
attempting to produce a condition of inci eased pydoric activity In one 
such experiment in which a ciiculai ligatuie was placed around the 
pylorus — insuflicient to cause obsti uction, but piesumably enough to 
pi event full relaxation — a definite delay' m neuti ahzation was demon 
strable 


The observations on dog 161 (see piotocol) deserve special mentioi, 
foi they' illustrate anew the role of the pancreatic juice as well as o 
py'loiic sphincter in protecting the duodenum fioin the insults o ac 
gastric juice and have suggestive bearings on the question oi tie 
genesis of duodenal ulcer In a previous papei from this a 


19 Hughson, Walter 


Relation of the Pylorus to Duration of Evpenmenfal 


Gastric Ulcer, Arch Surg 15 66 (July) 1927 


20 Einhorn, Max M J & Rec 131 28S, 1930 iToIIoion! 

21 Elman, Robert, and Hartmann, A F The Cause of Deati 
Rapidly the Total Loss of Pancreatic Juice, Arch Surg 20 t 
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the finding of such lesions following peisistent diainage of the panel eatic 
juice to the outside was noted In this expeiiment a similai absence 
of this alkaline secretion occuiied by spontaneous disease of the gland 
The insufficient sphincter piesumably aggiavated the condition by allow- 
ing acid gastiic juice fiee access to the unprotected duodenum This 
suggests the conception of an adequate piepaiation of gastiic contents 
foi leception by the duodenum, which has been convincingly elaboiated 
by Appeily-- on the basis of his own obsei vations, and which is receiv- 
ing increasing suppoit That its failuie may have something to do with 
the genesis of duodenal and even gastrojejunal ulceis is a theory for 
which consideiable evidence exists 

SU1MMAR\ 

Expel iments aie desciibed in which successful division of the pyloric 
sphincter was achieved and which as a consequence show a jDersistent 
lowering of gastric acidity as measuied by an augmented neutralization 
of an “acid test meal ” A model ate inciease in the emptying time was 
also obsei ved Infeiences fiom this and other evidence seem to justify 
the conception of “the pyloiic control of gastiic acidity” lather than 
that of unqualified acid contiol of the pyloius Ceitain clinical implica- 
tions aie discussed 


22 Apperly, F E Bnt J Exper Path 7 111, 1926 
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A^ITH SPECIAL REFEREKCE TO THE MUSCULATURE MYENTERIC 
PLEXUS AND LYMPHATIC VESSELS 

BAYARD T HORTON, MD 

ROCHrSTPR, MINN 

I^IUSCULATLRE AND MYENTERIC PLEXUS 

One of the interesting facts about the physiology of the gastio-intes- 
tinal tract is that peristaltic waves com sing over the stomach seem to 
stop at the p34orus or a few centimeters above it Many investigatois 
(Joseph and MeltzeiJ Wheelon and Thomas,^ Alvarez and Mahoney,^ 
Payne and Poulton * and Ivy and Vloedman °) have frequently observed 
tonus waves in the duodenum as the gastric wave appi cached the 
pylorus At times it seems as if the gastiic waves actually jump the 
pyloric bairier and extend down the duodenum as peristaltic rush wa^es 
(Alvarez And yet, the best evidence points to the fact that the 
duodenal waves originate in the first part of the duodenum and aie not 
piopagated gastric waves which have jumped the pyloric barriei (Cole' 
and Aharez) Why do not the gastiic waves go on down the bowel, 
and why aie they blocked at the pylorus^ It has been suggested that 
the block may be due to the anatomic peculiarities m this region or to 

* Submitted for publication, March 17 1930 

" From the Division of Medicine, the Mayo Clinic 

' Work done in the Section on Pathologic Anatomy, the Mayo Clinic In this 
paper is reported the greater part of the work for which the John Horslev Memo- 
rial Prize for 1929 was awarded by the University of Virginia The remainder 
appeared in the American Journal of Anatomy (61 197, 1928) 

1 Joseph L R , and Meltzer, S G Inhibition of the Duodenum Coincident 
with the Movements of the Pyloric Part of the Stomach, Am J Physiol 27 31 
(Feb) 1911 

2 Wheelon, H , and Thomas, J L Observations on the i^lobility of the 
Duodenum and the Relation of Duodenal Activity to that of the Pars Pylonca, 
Am J Physiol 59 72 (Feb ) 1922 

3 Ah arez, W C , and Mahoney', Lucille J The Relations Between Gastric 
and Duodenal Peristalsis, Am J Physiol 64 371 (April) 1923 

4 Payne, W W , and Poulton, E P Visceral Pam in the Upper Ahmen'an 

Tract, Quart J Med 17 S3 (Oct ) 1923 , 

5 Ivy, A C , and Vloedman, D A The Small Intestine in Hunger, Mn J 
Physiol 72 99 (March) 1925 

6 Alvarez, W C The iMechanics of the Digestive Tract, ed 2, i en 

Paul B Hoeber, Inc, 1928, pp 447 Dh.erNcd 

7 Cole, L G Motor Phenomena of the Stomach, Pi lonis and Lap 
Roentgenographicallv, Am J Phvsiol 42 618 (March) 1917 
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the physiologic clifteiences that exist between the muscle in the p}loiic 
antrum and that m the duodenum Of the many desciiptions of the 
anatomic structuie of the stomach in man, theie aie i datively fen 
concerning the block at the pylorus and the lelationship of the ciiculai 
and longitudinal fibers m this area to those of the duodenum, and there 
are no refeiences, so fai as I am aware, regarding the continuity of the 
m}enteiic plexus In Moms’ “Human Anatomy”® (se-venth edition) 
It IS stated that the ciiculai fibeis of the stomach aie continuous with 
the ciicular fibeis of the duodenum, while in Gray’s “Anatomy of the 
Human Body”® (twentieth edition) it is stated that the ciiculai fibeis 
of the stomach are not continuous with those of the duodenum These 
volumes contain little regarding the other structuies in this aiea Fui- 
theimoie, piacticall}^ nothing is known about the geneiic and individual 
vaiiations in this aiea, eithei m the lowei animals oi in man And 
yet, “piobably no portion of the digestive tube beais so close a i elation 
to all diseases of the stomach and duodenum, as does the pylorus itself 
And there is piobably no field in the whole subject of medicine about 
which we have so little absolute knowledge as that of the neurology of 
the gastro-intestinal tract” (Hughson ^°) Alvarez and Mahoney (1923) 
emphasized the importance of additional leseaich m this field 

This study was primaiily undertaken with the hope of detei mining 
the peicentage of circulai and longitudinal fibeis in the pars pyloiica 
that aie continuous with the circulai and longitudinal fibeis of the 
duodenum (table), and also to determine, if possible, some of the 
individual vaiiations that occur in this legion The lesults, with a 
leview’’ of the hteiature, have been published (Hoiton’^^) Therefoie, 
m this papei I shall point out only one possibility that has to do 
distinctly with the musculature, wdiich was not included m the pievious 
papei Hypertiophic pyloiic stenosis is occasionally observed in the 
new'^-born infant and may well be explained by the data lepresented m 
figuies 1 and 2 Figure 1 represents a section through the pylorus of 
a male fetus of 63 ^ months, and figure 2 lepresents a section through 
the pylorus of a full term male fetus The ratio of the thickness of the 
muscle w^all to the lumen may be noted in the two figures Peisistence 
of the thickened muscle in figure 1 may explain the occurrence of 

8 Morns, Henry Human Anatomj, ed 7, Philadelphia, P Blakiston s Son 
& Company, 1923, pp 1507 

9 Gray, Henrj Anatomj of the Human Bod^, ed 20, Philadelphia, Lea S. 
Febiger, 1918, p 1165 

10 Hughson, Walter Reflex Spasm of the P\lorus and its Relation to Dis- 
eases of the Digestiye Organs, '\rch Surg 11 136 (July) 1925 

11 Horton, B T Piloric ]\Iusculature with Special Reference to Piloric 
Block, /\m J A.nat 61 197 (’\Ia^ ) 1928 
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hypei trophic pylonc stenosis at birth From a study of embiyonic and 
fetal stomachs, a i datively thick pylorus at the fifth to sixth month of 
de\ elopment is a usual observation 

As the work developed, I soon realized that othei striictuies at the 
pylorus would be just as inteiesting to the investigator, and as a lesiilt, 
the pioblem was bioadened to include a study of the myenteiic plexus 
and the lymphatic vessels Williams,^- woiking m the same laboratory 
with me, has since demonstiated an almost complete block in the anasto- 
mosis of intiamuial aiteiies acioss the pylonc sphincter 

Reviezv of the Liteiatwe — Auerbach, in 1862, first desciibed the 
neive plexus that beais his name Since that time many investigators 
have contributed to the knowledge of the subject (Cajal,^^ Kolhkeid' 
Dogiel,’^® Mullei and Kuntz^®), but theie aie no lefeiences in 
the literatiiie, so fai as I am awaie, legarding the continuity of the 
mj^enteiic plexus (Aiiei bach’s plexus) from the stomach to the duode- 
num Dr Kuntz,^“ professoi of anatomy at St Louis University, stated 
that he knew of no woik on the subject, and yet he has been iiiteiested 
m the autonomic neivous system for the last twenty-one yeais and has 
contiibuted many excellent ai tides to the literature Othei anatomists 
(Dr R E Scammon,^® of the Univeisity of Minnesota, and Di H A 
Hains,^^ at the Univeisity College of London) have made similar 
statements Hill,^- in a recent aiticle, gave the best review of the 
hteratuie on the myenteric plexus, but made no statement legaiding 

12 Williams, T B Vascular Studies of the Pjdorus, Anat Rec 38 273 
(May) 1928 

13 Auerbach, L, quoted Oppel, Albert Lehrbuch der vergleichenden 
mikroskopischen Anatomic der Wirbeltiere, Jena, Gustav Fischer, 1896, vol 1, P 2/ 

14 Ramon Cajal, S , quoted by Kuntz, Albert J Comp Neurol 23 173 (June) 
1913, quoted by Hill, C J Philos Tr, London 215 355 (Jan) 1927 

15 Kolliker, Albert Ueber die femere Anatomic und die pliysiologische 
Bedeutung des sympathischen Nervensystem, Vienna, Wilhelm Braurnuller, t 
P 24 

16 Dogiel, A S , quoted by Kuntz, Albert J Comp Neurol 23 173 (June) 
1913, quoted by Hill, C J Philos Tr , London 215 355 (Jan) 1927 

17 Muller, L R , quoted by Kuntz, Albert J Comp Neurol 23 173 (June) 
1913 

18 Kuntz, Albert On the Innervation of the Digestive Tube, J ° P 
Neurol 23 173 (June) 1913 

19 Kuntz, Albert Personal communication to the author 

20 Scammon, R E Personal communication to the author 

21 Harris, H A Personal communication to the author j^ntcric 

22 Hill, Catherine J A Contribution to Our Knowledge of the 
Plexus, Philos Tr , London 215 355 (Jan ) 1927 
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this plexus at the pylorus Lataijet/® Brandt-^ and McCrea stated 
that the vagal fibers extend up to the pylorus, but do not cioss it The 
hteiatuie legaiding the inneivation of the pyloric sphincter is confusing 
Many workeis contend that vagal influence is for conti action and 
sympathetic influence is for relaxation, while others maintain the leveise 
of this hypothesis The best evidence seems to support the former view 

Methods and Mafoial Studied — The material used in this study, as set forth 
in a previous paper (Horton, was obtained from postmortem examinations at 
the Iilajo Clinic 

For the study of the myenteric plexus, blocks of tissue were taken from six 
normal stomachs at points 1, 2, 3 and 4, as shown m figure 3 They were obtained 
from subjects aged less than 1 year Serial sections 10 microns thick were made 
from each block They were cut parallel with the long axes of the pjdoric canal 
and extended from 5 to 8 mm into the duodenum A modification of the Orlandi 
stain, which Kernohan has desenoed, and the r an Gieson stain were used to 



Fig 3 — Cross-section of the pyloric canal in a full term fetus about 1 cm 
above the pjdoric sphincter 

bring out the myenteric plexus By means of a projectoscope, the microscopic 
picture was projected on a screen, and areas of nerve tissue, together with an out- 
line of the mucosa and musculature, were traced on paper and transferred to 
thin glass plates Enamel paint and india ink vere used to make the drawings 
on the glass plates A definite color was used to represent each structure trans- 
ferred to the plates, and this color scheme was carried out m all of the recon- 
structions From twenty-five to sixty microscopic sections from a given serial, 
taken m consecutive order, were traced on glass plates, and the plates stacked in 
consecutive order With a strong light behind the stack of plates, an excellent 
picture IS obtained When the glass plates are accurately superimposed in con- 
secutive order, the various elements of the myenteric plexus form a continuous. 


23 Latarjet, A , quoted by Hughson, Walter Arch Surg 11 136 (July) 1925 

24 Brandt, W Die Innervation des Magens, Ztschr f ang Anat 5 302, 
1920 

25 AIcCrea, E D The Abdominal Distribution of the Vagus, J Anat 59 18, 
1924 

26 Kernohan, J W Adaption of Bielschow sk^ ’s Silver Impregnation ^Method 
for Alaterial Imbedded m Paraffin or Celloidin, to be published 
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although winding, chain from the stomach to the duodenum This metliod of 
using glass plates has not been used at the ]\Iavo Clinic before, and at the time 
I devised the method I had not found a reference to it in the literature 

Results — ^The myenteiic plexus is continuous fiom the stomach to 
the duodenum, as shown in figuies 4, 5, 6 and 7 This was tiue in all 
of the cases studied Reconstiuctions fiom vaiious segments of the 
pyloiic ling showed vaiiations in the appearance of the ganglionic 
chain, but these vaiiations seemed to be due to the ii regularity in 
anangement of the muscle fibers in this area The ganglions qf the 
myenteric plexus aie iiiegular aggiegates of neurons interposed between 
the ciicLilar and longitudinal muscle coats and aie connected with each 



Fig 4 — Reconstruction of the myenteric plexus, showing the continuity from 
the stomach to the duodenum This is a drawing of a glass model that was ma e 
from twenty-nine serial sections It represents a longitudinal block throUo ’ 
point 4 in figure 3 The subject was a boy, aged 8 months 

other by bundles or bands of nonmedullated nerve fibers The ganglions 
of the submucous plexus are much smaller collections of neurons, con 
nected in a similar manner, although in many sections it is difficult, an 
frequentl}’^ impossible, to trace the connections The connections betnee 
the two plexuses are frequently easy to tiace, and at ivould seem roi^ 
the histologic structure that the submucous plexus lepresents a su 
sion of the larger myenteric plexus Fine fibrils fiom the 
plexus can be seen to terminate on or adjacent to the 
lining the digestive tube, while the fibrils from the inj enter ic p 
can frequent!} be seen to terminate on muscle cells 





Tig 6 — Longitudinal section through the p\lorus showing the in\ enteric plevus 
in the submucosa at the duodenop\ lone juncture in a male subject, aged 1 ^ear 
(X 22) 
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The inyentenc plexus was noimally found between the cuculai and 
the longitudinal muscle coats (fig 5), but in one specimen (figs 6 and 
7) the continuity of the myenteiic plexus fiom the stomach to the 
duodenum was by way of the submucosa In this specimen, at the 
duodenopylonc junctuie, the myenteiic plexus (Auerbach’s plexus) 
occupied the position normally occupied by the submucous plexus 
(Meissnei’s plexus) This is probably a fairly normal occuirence in 
this area, and perhaps definite significance cannot be attached to the 
obseivation Reconsti uctions of Meissner’s plexus have not been made 
Comment — It is appaient fiom the results of this study that there 
is an almost complete separation between the circular muscle of the 



Fig 7 — Reconstruction of the myenteric plexus illustrated in figure 6, shoiung 
the continuity from the stomach to the duodenum by way of the submucosa ^ 
drawings are of a glass model, which was made from sixty serial sections 
represents a longitudinal block through point 2, figure 3 The insert is the iie" 
one obtains when looking down through the model from abo%e The subject ua 
a boy, aged 1 year 

stomach and the duodenum, an interruption of continuity with 
logic significance, as Cannon^’' expressed it, and partial block o 
gastric longitudinal fibeis The inter luption of the circular muse 
the duodenopylonc junctuie undoubtedi}'’ accounts for the blocN. i 
staltic waves at the pylorus The changes m tonus that are req^ 
observed m the duodenum, with the approach of gastric 
probabty due to the spread of some influence along the myenteric 

— T Inn r \rnold 

27 Cannon, W B The klecbamcal Factors of Digestion, London, - 

1911, p 227 









HORTOX— PYLORIC BLOCK 


447 


or along the nairow budges of muscle connecting the stomach and 
duodenum, oi perhaps along both routes If the gastric waves were 
not blocked at the pyloius, but traveled on down the duodenum, eA^en 
for a shoit distance, duodenal ulcei would probably become much less 
common than at present 

As has already been written (Horton m the distal poition of 
the pyloric canal, wheie most of the longitudinal fibers dip into the 
ciicular muscle (to form the dilator muscle of the pylorus), it would 
certainly seem, from the anatomic arrangement of these fibers, that they 
must act as a dilator of the pylorus The marked hypertrophy of these 
fibers, unassociated with hypei trophy of the circular fibers, which I 
have observed in annular carcinoma of the p)loric canal with partial 
obstiuction to the pyloric outlet tends to substantiate this view 

LYMPHATIC VESSELS OF THE STOMACH WITH SPECIAL 
EEFERENCE TO PALORIC BLOCK 

Caicmoina of the stomach rarel)' invades the duodenum It 
apparently spieads easily m all directions m the walls of the stomach 
and often extends to the pyloric ring, but it seems to stop there abrupt!} 
Ea^cii 111 advanced cases, the duodenum may remain free It is Avell 
kiioAvn that carcinoma usually spreads by direct extension or by AA’^ay 
of the lymphatic system Is there a barriei at the pylorus to the spread 
of carcinoma? If so, Avhat is the nature of this barriei ? SeA'^eral 
theoiies have been adA^anced in explanation of the immunity of the 
duodenum It has been attributed to scarcity of lymphatic A’^essels 
betAA’’een the two organs to the tipAvard flow of lymph from the duo- 
denum to the stomach, to the alkalinity of the duodenum and to the 
obliteration of tissue spaces by spasmodic contraction of the pyloric 
sphincter so as to form a mechanical obstruction to the adA'^ance of the 
caicmoina I shall consider here the lymphatic drainage of the stomach, 
the relationship betAveen the lymphatic A'essels of the stomach and those 
of the duodenum and their bearing on the problem 

Rcviezv of the Lifeiatwe — Excellent historical reAueAvs of the lym- 
phatic system are given by Todd,-® Cnweilhier,^® HeAvson and Poirier, 
Cuneo and Delamere According to the latter authors, Herophilus 

28 Todd, R B The Cj dopedia of A.natom% and Phj siologA , London, Long- 
man, Brown, Green, Longmans and Roberts, 1839-1847, ^oI 3, p 205 

29 Cruveilhier, Jean The '\natomj of the Human Bod\, New' York, Harper 
S. Brothers, 1844, p 907 

30 Hew'son, William A Description of the LAmphatic S 3 stem, London, The 
S 3 denham Societ 3 , 1846, p 119 

31 Poirier, P , Cuneo, B , and Delamere, Gabriel The L 3 mphatics, London, 

Constable & Compan 3 , 1913, p 301 ' 
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(300 B C ) and Heiasistiatus (280 B C ) should be accoided the 
honoi of discoveiing the chyhfeious vessels But Todd, Ciineilhiei and 
Hewson'^- did not mention an) of the wnteis befoie Galen, and Todd 
and Ciuveilhier ga^e Eustachius (1453), who described the thoiaac 
duct in the hoise, the honoi of discoveiing the lymphatic system Sixty- 
nine yeais latei, Gaspaid Asellius (1622), while seeking anothei object 
disco\eied, on the mesenteiy of a dog, ceitain vessels that weie earning 
a milk-hke fluid, he called these Aessels lacteals He died in 1626 
without e^el seeing the lacteals in man Pecquet (1641) discoveied 
the leceptaculum chyli and showed that the lacteals enteied the thoiacic 
duct, and not the hvei, as Asellius and his contempoiaiies belieied 
Rudbeck (1651) described the hmphatics of the hvei, the pancieas, 
the lungs and the pelvis and concluded fiom his leseaiches that the 
“seious \essels ’ existed thioughout the oiganisin and foimed a special 
s^stem Baithohn, in Deninaik, and Jolyfte, in England (about 1652) 
confiiined Rndbeck’s attempt at geneiahzation, and the “seious system' 
became the lymphatic s}stem In 1654, the function of absoiption was 
asciibecl to this system by Glisson and Hoffmann After this period 
Nuck added to the knowledge of this s)stem hr injection of the Ijraphatic 
glands, Ru}sch b)' his desciiption of the lalves of the lymphatic vessel'' 
and Meckel by his accuiate account of the whole system Othei woikeis 
(Albinus, Huntei, Momo PItwson, Ciuikshank and Mascagni) added 
vaiious details concerning the system Seveial leais latei, Lippi (1822) 
and Lauth (1824) discoreied the existence of peiipheial hinjihatic 
lenous communications In 1847, Sappe) began his leseaiches which 
he continued until the publication ot his atlas in 1876 Following 
Sappe), the chief woik on the lymphatics of the stomach has been clone 
b) Most (1899), Cuneo (1900), Ciineo and Delaineie (1900), Poha 
and von NaviatiH'^ and Jamieson and Dobson"’' Vel^ little woik has 
appal entl) been done on the lymphatics of the stomach dm mg the last 
twent) ycais In fact, I have looked thiough ail the volumes of the 
Quaitcily Cunmlatiz’e hicJcx Medicus twice, without finding a single 
lefeience dealing with the injection of lymphatics of the stomach Most 
textbooks on anatomy state that theie aie two mam aieas of lymphatic 
chainage m the stomach the one along the lessei cun atm e and the ot ler 


32 Hewson added in a footnote that the lacteals had been seen m ' 
Erasistratus, who called them arteries Hewson rcalh gtace Ase uis 
credit for the discovery of the lymphatic system 

33 Sappey, C Cited by Poirier Cuneo and Delamtre (footnote 3H 

34 Poha, Eugen, and von Nairatil, Desider Untersuchung gg ^21 

bahnen des Wurmfortsatzes und des Magens, Deutsche Ztsew 


(Aug ) 1903 

35 Jamieson, J K and Dobson J F 
of the Stomach, Lancet 1 1061 1907 


Lectures on the Limpbatic 



HORTOX— PYLORIC BLOCK 


449 


along the greater cun ature The latter is usuall} dn ided into t^\ o groups, 
one draining toward the subp 3 loric group of lymph nodes and the other 
to the splenic l}mph nodes A few (Gray s anatom) and Cunningham’s 
anatomy) mention four drainage areas, quoting the Mork of Jamieson 
and Dobson (1907) Poirier, Cuneo and Delamere (1913) in ‘The 
L}mphatics” (page 199) which is the outstanding book on the hmphatic 
s}stem, stated “In the stomach there are three distinct hmphatic 
teriitories These territories correspond to the three groups 

of collecting trunks which we haA'^e described ” The) did not mention 
the work of Jamieson and Dobson 

The literature dealing rvith the l)mphatics at the p)lorus ma) be 
summarized as follows All of the obserAers stated that there is no 
continuity betAA^een the subserous lymphatic s)Stem of the stomach and 
duodenum, except Sappe), aa'Iio stated that the subserous hmphatics 
are directly continuous betAA^een the stomach and the duodenum and 
Jamieson and Dobson, AAdio found eA’idence of continuity m one speci- 
men of thirt) All of the outstanding AAorkers in this field (Sappe), 
Most, Poirier, Cuneo and Delamere, Pol) a and NaAratil, and Jamieson 
and Dobson) stated that the submucous hmphatics of the stomach are 
directl) continuous AAath those of the duodenum although certain 
obserA’^ers (Poiiier and Cuneo, Jamieson and Dobson) added that these 
lymphatic Aessels are not highl) deA’^eloped 

Matcnal and Methods — The material used in this imestigation A\as obtained 
from necropsies at the MaAO Clinic Onlj normal specimens AAere used The 
Aoungest subject A\as a fetus aged 7 months, and the oldest a man aged 66 Jtlost of 
the specimens A\ere obtained from Aer\ Aoung subjects The stomachs AAere obtained 
betAAeen one and three hours after death, either injections AAere made AAhile theA 
AAere in situ, or the stomach and adjacent organs AAere remoAed en masse and 
injections AAere then made into the stomach aaIiiIc it AAas immersed m AAarm 
AAater The standard apparatus for injection AAork in the Section on Pathologic 
•\mtomj AAas used Constant pressure can be maintained OAer am period of time 

A modification of Gerota s method aabs emplojed India ink and colored 
gelatin -^^ere used as injection mediums The gelatin mixture, in the liquid state, 
AAas essentialh of the same consistence as the mdia ink It AAas kept this AAaA 
liA means of a AAarm Aiater bath It is an excellent injection medium, for the 
gelatin hardens A\hen the specimen into Ailiich injections are made is placed m a 
hxatiAe of formaldelnde Better microscopic sections can be made from such a 
specimen than from specimens in aaIucIi India ink alone is used for injection 
In all, injections A\ere made into thirtA-fiAC specimens Injections AAere made into 
fitteen of these specimens under pressure ranging from 20 to 60 mm of mercurA 
and into tAientA specimens under pressure larAing from 180 to 460 mm of mer- 
curA The needle AAas iiiAanabh inserted into the submucosa of the stomach and 
AAas pushed on until it Aias betAAeen 1 5 and 5 cm from the pAloric sphincter Tlie 
injection mass AAas then alloAAed to floAA into the submiicosa Leakage AAas not 
encountered during the tune of iniection In ten specimens multiple punctures 

36 Gelatin 4a Gin nidia ink 60 cc Aiater sufficient to make 500 cc 
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were made in the submucosa, both in the anterior and in the posterior surfaces 
of the stomach Injections were made into these specimens under relatively low 
pressure, from 20 to 60 mm of mercury Only a small area of lymph vessels 
was filled from each puncture By this method injections were made into the 
entire collecting system of the lymph vessels In five specimens injections were 
made into the submucosa of the doudenum wuth the point of the needle just distal 
to the pyloric sphincter Carmine-colored gelatin was the medium used for the 
duodenal injections An average of six microscopic sections through the duod- 
enopyloric juncture, parallel with the long axis of the p^lonc canal, was made 
from each specimen A detailed study was made of the lymphatics in this area 
The carcinomas of the stomach used in this study w’ere also obtained from the 
necropsy service at the j\Iayo Chine 

Results — all of the specimens continuity tvas not evident between 
the submucous l}mphatics of the stomach and the duodenum (figs 8, 



Esophag'us 


-■ — 



/ 





• 3 ^ 

'I - — — ' 


Fig 8 — Submucosa of the stomach from a female subject, aged 47 years, lao 
which injections of mdia ink w'cre made under a pressure of 300 mm of 
The needle with which the injection w'as made is still m place, wntli the 1’°”’ 
the needle in the submucosa 6 5 cm proximal to the pyloric spnncter 
injection mass has been stopped abruptly at the pylorus 

9, 10 and 11) Complete continuity of the Ivmphatic netw^ork 
evident in the submucosa of the stomach A few of tlie spec^ 
showed diiect continuity between the subserous Ijinpbahcs o 
stomach and duodenum This was observed only on t ie po 
aspect of the pyloius The specimens waned markedly m tie eas^ 
which injections weie made into the submucosa In one ^ 1 ^^ 

12) the injection into the submucosa was easv With the pom 
needle in the submucosa 4 cm pioximal to the pyloiic 
flowed in fieelv under a piessure ot 180 mm of meicurj an 




F]g 9 — Sabmucosa of the stomach from a male subject, aged 27 3 ears, mto 
which injections of a mixture of india ink and gelatin •v\ere made under 20 mm 
of pressure with the point of the needle in the submucosa, 2 5 cm proximal to the 
P 3 loric sphincter The wall of the stomach is infiltrated with the mass that has 
been blocked at the pjlorus 



Fig 10 — Submucosa of the stomach from a female subject, aged 57 rears, into 
which injections of a mixture 01 india ink and gelatin were made under 460 mm 
01 jiressure, with the point ol the needle in the submucosa 3 cm proximal to the 
prlonc cphnicter The injection mass has been stopped abruptk at the prlorus 
The inicction was carried out lor a period 01 two and one-liali hours 
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I'lg 11 — Submucosa of the stomach from a male subject, aged 11 months, into 
nhich injections of a mixture of india ink and gelatin were made under 280 mm 
of pressure, \Mth the point of the needle in the submucosa 2 cm proximal to tlic 
pjlonc sphincter This pressure was maintained for thirtj minutes after the 
injection mass readied tlie pjlorus Onlj' the pars pylonca recened the injection 
as a clamp \\ as apphed across the middle third of the stomach The mass has been 
blocked at the p>!orus 



Fig 12 — Submucosa of the stomach from a male subject, age 
which injections of india ink were made under 180 mm of niloric 

point of the injection needle in the submucosa 4 cm proxima o 
sphincter Slight extravasation of ink into the duodenum has ta cu 
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submucosa was injected within fifteen minutes Aftei the stomach was 
well injected, the suhmucosa at the pyloiic sphinctei became slowly but 
maikedly distended and lemained so foi eight minutes, then the ink 
slowly extravasated into the suhmucosa of the duodenum, on the pos- 
teiioi aspect, foi a distance of 1 cm In many specimens into which 
injections weie made m exactly the same manner, even under piessuie 
as high as fiom 300 to 460 mm of meicury, the medium stopped ahiuptly 
at the pyloius (figs 8 and 10) yVftei the suhmucosa at the sphinctei 
had become markedly distended, the piessure was maintained at 460 
mm foi thiity minutes, oi longei, without any extravasation of ink 
into the duodenum In one specimen (fig 10) with the point of the 
needle in the suhmucosa 3 cm pioximal to the pyloiic sphinctei, aftei 
the suhmucosa had become distended at the pyloi us, a clamp was applied 
acioss the stomach at its middle poition, proximal to the inseition of 
the needle, so that the entiie pressure of fiom 420 to 460 mm of 
meicuiy was applied to the p34orus foi a peiiod of twenty minutes, 
hut theie was absolutel} no leakage of ink acioss the jiyloiic sphinctei 
into the duodenum A similar pioceduie was followed with a child’s 
stomach (fig 11) under a pressuie of 280 mm of meicuiy, with similai 
lesults In all of the specimens into which injections weie made nndei 
high piessuie, the stomach was first opened by incision along the anterioi 
sui face, midway between the gi eatei and lessei cm \ atui es, the incision 
extending well down into the duodenum The state of tonus of the 
P3I011C sphinctei was not a factoi in these cases, foi the p3lorus was 
cut thiough on the anteiioi aspect hefoie the injection ivas staited, and 
the cut margins weie eithei sutuied with heavy thieacl 01 stomach 
clamps were applied along the cut maigins so as to piecent leakage of 
the injection medium 

In the majoiity of sjiecimens it nas ohseived, at the time of injection, 
that the ink fioned moie ieadil 3 ^ at light angles to the long axis of the 
stomach It appioached the gi eater and lessei cuivatures, the cardia 
and the piloius with deci easing celocit 3 ' in the older named In several 
specimens. In actual measmement, it tla^eled an aveiage of 12 cm 
tow aid the caidia wdiile flowmig 2 cm tow aid the pi lone sjihinctei, 
eien though the cm lent of the injection mass was diiected toward the 
sphinctei In all of the specimens the injection mass flowed up to the 
jnloiic sphinctei and stopped abiupth In some specimens the suh- 
mucosa was so distended that it w'as oierhanging the pi loins and 
piojecting into the duodenum, 111 one specimen the wall ot the stomach 
just pioximal to the sphinctei was 5 cm thick whereas it was 2 mm 
thick pi 101 to the injection Injections were also made into tlie suh- 
mucosa of the duodenum in file specimens with the jiomt of tlic 



Fig 13 — Lymphatic drainage of the stomach (anterior surface), as determined 
by injections into thirtj-five specimens The arrows indicate the lines of drainage 
There are four distinct areas of drainage 
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injection needle just distal to the P 3 I 0 UC sphincter Piessures used 
heie weie similar to those used in injections abo\e the sphinctei In 
each case, the injection medium stopped abruptlj^ at the pyloius 

The l}mphatic diamage of the stomach, as determined from these 
injections, is repiesented in figures 13 and 14 In figure 13 the diainage 
IS repiesented b} foui distinct areas The largest of these lepresents 
the aiea drained b)- the Ijmph nodes along the lesser curvature, and the 
flow of lymph is towaid the cardia The second most important aiea 
IS that on the greater cuivatuie, diamage is into the mfeiioi gastiic 
and subpjloric groups of l}mph nodes The third drams toward the 
splenic gioup of l}mph nodes, and the fourth, which is lelatuel) small, 
drams the supeiioi distal portion of the pars pjloiica to the right supra- 
pancieatic Ijmph nodes above the upper border of the pancreas The 
collecting vessels from the fouith group may also drain into the bihar} 
tymph nodes In two specimens a direct communication betrveen the 
pylorus and the so-called sentinel node at the hilus of the Iner was 
observed On the anteiioi suiface of the gastrohepatic omentum 
w^ere two 01 thiee small Ijmph channels w'hich extended fiom the pjlorus 
to a lymph node at the hilus of the Inei The drainage of the posteiioi 
suiface of the stomach, lepresented in figure 14, corresponds with the 
areas described for the anteiioi suiface How^ever, the boundaiies of 
these areas of drainage must not be defined too acurately, foi, if the 
•noimal diamage m a given diiection is blocked, the injection medium 
leadily flow's in the opposite direction 

It should be emphasized that Ijmph lessels that seem to enter the 
Ijmph nodes aie fiequently onlj in contact with them on their waj to 
moie distant Ijmph nodes This was lepeatedl) obseived wdiile the 
injections w'eie being made into the specimen The hmjih node neaiest 
the site of the initial injection was not necessarily the first node to be 
filled w'lth the injection mass, the more distal nodes were frequently 
filled fiist This was obseiied lepeatedh along the lesser curiature 
of the stomach, and m othei aieas In figure 15, the vaiiations in the 
submucous hmphatic diamage at the jwlorus aie represented The 
miection medium jiasses thiough the musculai lajers of the pars piloiica 
eithei just pioximal to the sjihincter 01 , m rare instances just distal to it, 
and then continues on the peiitoneal suiface of the duodenum toward 
the subpiloric hmjih nodes, to the nodes aboie the iipjicr border of the 
panel eas 01 in laie instances to the biliai) hmph nodes In one 
specimen (fig 15b) an indirect communication between the hmphatics 
ot the submucosa of the stomach and those of the duodenum was 
demonstiated This mdnect communication iindoubtedh accounts for 
the fact that in cases of carcinoma arising in the piloric canal, near the 
sphincter carcinomatous ulceis ma\ be found both proximal and distal 



Fig 15 — Lymphatic drainage at the pylorus, showing ■variations in the sub 
mucous drainage m this aiea 
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Fig 16 — Carcinoma of the stomach There are (Attc'' 

proximal and distal to the pylorus, but the pjdoric mucosa is sti 

Nagel ) 
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to the p}lotic sphincter (fig 16) \\ith noimal intact mucosa between 
the two ulcers Nagel reported a case in 1925 I made serial sections 
through the specimen and demonstrated that the tw o carcinomatous 
ulceis were connected b} a relatneh broad chain of carcinoma cells 
along the hmphatic channel, as indicated m the indiiect communication 
betw een the submucosa of the stomach and that of the duodenum 

Comment — There can be no question but that there is a discontmuit\ 
between the submucous hmphatics of the stomach and those of the 
duodenum This is explained b\ the presence of a connectne tissue 
septum at the p) lor us (fig 17) which not onU separates the submucosa 


Mucosa 

I 



Fig 17 — Longitudinal section through the posterior surface of the pilorus 
The p\ lone sphincter is w ell outlined, and a break in the circular musculature is 
seen distal to the p^lorus The subject was a bo^, aged 6 months (Reduced from 
X IS) 

of the stomach and duodenum, but also separates the circular muscula- 
tme of the stomach trom the con esponding circular coat m the duod- 
enum Thus at the p}lorus there is a double barrier to the spread ot 
carcinoma wdnch is represented b\ the connectne tissue septums and 
the discontmuit} of the submucous hmphatics This undoubted!} 
explains wfii} carcinoma of the stomach, legardless of how^ extensne it 
may be, practicall} ahva}s stops at the p}lorus and rareh, if e-\er, 
imades the duodenum (figs 18 to 21) When extension m that direc- 

37 Nagel, G W Unusual Conditions in the Duodenum and Their Signifi- 
cance A.rch Surg 11 529 (Oct ) 1925 










Fig 18 — Annular carcinoma of the pyloric portion of the stomach The 
growtii extends up to the pylorus, where it stops abruptly The duodenum was 
not involved The specimen is from a male subject, aged 44 years 
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tion does occm, it is usually along the peiitoneal aspect of the duodenum, 
as indicated m figuies 20 and 21 In figuie 21, the carcinoma has 
extended along the submucosa of the stomach, up to the p}lorus, and 
then thiough the muscle wall, and along the outside of the duodenum, 
thus following the lymphatic drainage as indicated in figuie 15c This 
line of diainage has been the usual one observed in all of the carcinomas 
studied, which includes a senes of more than 200 cases It should be 
remembered, however, that no bairiei m the human body can hold out 
indefinitely against the invasion of caicinoma, and if the patient with an 
extensive carcinoma of the pars pyloiica should live long enough, I feel 
stiie that the duodenum eventually would be fieely invaded Of all 
the tissues in the body, connective tissue appaiently offers the best 
lesistance to the spread of carcinoma 

The ease with which the gelatin mass could be injected into the 
submucosa, in certain specimens, and the difficulties encountered in 
otheis aie of marked inteiest, in view of the spread of carcinoma along 
this route The variations m the density of the normal connective tissue 
in the 1 egion probably account foi the fact that m some small carcinomas 
of the stomach there is extensive involvement of the adjacent lymph 
nodes, while in other cases m which relatively large carcinomas are 
present; there is little, if any, spread to the regional lymph nodes, even 
when the grade of malignancy, as determined by Broders’ classification, 
is the same Bothe showed fiom a study of 100 cases that the size 
of the carcinoma bears no definite relation to the involvement of the 
legional lymph nodes The largest giowth he studied measured 14 by 
11 cm, and the smallest, 2 by 1 cm In spite of the difference in the 
size of these specimens, the smaller one showed involvement of all of 
the lymph nodes that weie found with the specimen, whereas with the 
larger specimen only five of the fifteen nodes found were affected 
These were lesected specimens This is in accord with the study of 
200 cases previously made by MacCarty and Blackford 

It should be lemerabered that nearly a third of all carcinomas occur 
in the stomach, and of these, 80 per cent are found m the pars pyloiica 
(W J Mayo For this reason, exact knowledge of the lymphatic 
diainage of the stomach is of great practical impoitance The curability 
of caicinoma depends largely on whether or not the lymph nodes are 
involved Balfour and Hargis recently showed that when the tymph 

38 Bothe, F A Lymphatic Involvement m Cases of Carcinoma of the 
Pyloric End of the Stomach, Surg G>nec Obst 44 761 (June) 1927 

39 MacCarty, W C , and Blackford, J M Involvement of Regional Lym- 
phatic Glands m Carcinoma of the Stomach, Ann Surg 55 811 (June) 1912 

40 Mayo, W J Cancer of the Stomach Its Surgical Treatment, Surg 
Gynec Obst 14 115 (Feb ) 1912 

41 Balfour, D C , and Hargis, E H Cancer of the Stomach, Am J M 
Sc 173 773 (June) 1927 




Fig 20 —Carcinoma of the stomach The growth evtends to the peritonea! 
^r ace of the pars p)dorica and duodenum The duodenal mucosa is not involved 
Tlte specimen is from a male subject, aged 37 years 



Fig 21 — Longitudinal section through the pylorus of the specimen 
in figure 20 The submucosa of the stomach is distended with the m 
carcinoma which extends to the outside of the pars pilorica and duodenum 


duodenal mucosa is not involved 
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nodes weie not in\ohed, 52 pei cent of the patients weie ali\e and well 
at the end of thiee yeais, wheieas, when the lymph nodes weie imohed, 
only 19 per cent were alne and well at the end of thiee }eais Another 
point woithy of emphasis is that in ordinaiy injections of the Ijmphatics 
of the stomach, it was observed that lymph vessels that seemed to enter 
Ijanph nodes weie fiequently only m contact with them on their way 
to moie distant lymph nodes This fact may explain why, in cases of 
carcinoma of the stomach, the suigeon often finds that the disease has 
missed the adjacent lymph nodes and has invohed distant nodes Resec- 
tion for caicmoma should never be undertaken without careful explora- 
tion of the distant lymph nodes 

The possibility of the spread of carcinoma along the Ijmphatic 
channels which uin with the pjloric aitery should be emphasized 
Studies at the Mayo Clinic (MacCaity and Blackfoid and Bothe) did 
not include this group, and Jamieson and Dobson were unable to find 
any leference in the literature to such a stud}’’ These lymphatic vessels 
drain a well marked region of the pyloius and are usually foui oi five 
in number I have recently demonstrated this region of drainage in 
anesthetized dogs, by injection of india ink into the stomach, and it 
seems to be relatively larger in dogs than in man The channels drain 
diiectly into the Ij’mph nodes lying along the uppei boidei of the pan- 
el eas Fiequently, one of these lymphatic lessels iiins down the posterior 
suiface of the duodenum to join the biliary lymphatic system These 
vessels aie not easy to remove in ordinaiy lesections of the stomach 
The possibility of a direct communication between the distal poition of 
the pjlorus and the nodes at the hilus of the livei should be lemembeied, 
even though it was observed in only two of thirty-five specimens Theie 
were two oi three small lymph channels on the anterioi suiface of 
the gastrohepatic omentum, extending from the pyloius to the lymph 
node at the hilus of the livei The usual pioceduie, theiefoie, in ladical 
opeiations for carcinoma of the pyloric portion of the stomach can neier 
gne the suigeon absolute assurance that he has lemoied all of the fiist 
Ivmphatic lelajs 


SL AIM ARY 

The continuity of the myentciic plexus fiom the stomach to the 
duodenum has been demonstiated by leconstruction models, and the 
possible significance of these data has been considered 

An investigation was undertaken to determine the lymphatic drainage 
of the stomach and the relationship between the lymphatics of the 
stomach and those of the duodenum India ink and india ink and gelatin 
mixtuies were injected into thirtA-fire specimens In none of the speci- 
mens Avas theie any demonstrable continuity betiveen the submucous 
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l3aiiphatics of the stomach and those of the duodenum An mdiiect 
communication between the submucous lymphatics of the stomach and 
those of the duodenum has been demonstrated In two specimens theie 
was a diiect communication between the pylorus and a lymph node at 
the hilus of the liver The diamage of the stomach is lepresented by 
four distinct aieas, the laigest of which lepiesents the aiea diained b> 
lymph nodes along the lesser cinvatuie, the second most important is 
that on the gieatei cuivature which drains into the mfeiior gastric and 
subpyloric gioups of lymph nodes The thud diains toward the splenic 
gioup of nodes, and the fouith diains the distal portion of the pais 
pyloiica to the nodes above the panel eas 



ATTITUDES ASSOCIATED WITH LESIONS ABOUT 

THE HIP JOINT - 


VERNON L HART, MD 

ANN ARBOR, MICH 

One may fiequently gam considerable infoimation from a careful 
study of the position of deformity or attitude of the lower extremities 
associated with lesions involving the hip joint A characteristic gait 
not infiequently enables one to suspect a certain lesion, and it is not 
uncommon foi one to suspect a definite lesion of the hip joint from 
careful inspection alone without resorting to further examination by 
palpation manipulation, measurements, muscle tests, loentgen and 
laboratoiy tests, since certain lesions about the hip joint are manifested 
by moie or less characteristic attitudes The purpose of this paper is 
not to point out that the observation of the position of deformity or 
attitude of the lowei extremities will make possible a “snap” diagnosis, 
but to emphasize the fact that such an observation may aid in the 
differential diagnosis and in determining further examination necessary 
to ariive at a coriect opinion The internist may be encouraged to 
resoit to special tests aftei the observation of a characteristic blood 
pictuie, or the ophthalmologist may be directed along a definite course 
of investigation aftei noting certain alterations m the fundus Although 
a gait, a blood picture, a change in the fundus or an attitude may be a 
faiily constant manifestation of a ceitain lesion, it does not justify disie- 
gard of the fundamental teaching that before instituting tieatment a 
positive diagnosis should be established when possible by a complete 
examination exhausting all necessary clinical and laboratoiy tests 

The paiticular attitude or position of defoimity of the lower extiemi- 
ties should be lecognized duiing the first part of the examination, the 
peiiod of inspection It is impoitant to undei stand certain fundamental 
pimciples involved m the examination of the lower extiemities Before 
one can state definitely the position of the extremities, it is essential to 
deteimme the position of the pelvis and the lumbar spine For instance, 
a patient may appear to he in bed with an extremity held in abduction, 
but caieful examination will demonstrate that the hip is actually in a 
position of adduction (figs lA and B) The appaient abduction is 
the lesult of a tilting oi lotation of the pelvis on its anteroposterior 
axis In the same way, lotation of the pelvis on its vertical axis ma> 
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Fig 1 -In A, the attitude of the left lower extremity appea 
and external rotation Actually, the extremity is in a position o 
external rotation which is determined only when the pelvis is P acec 
verse and horizontal plane (see fig 15) In 5 the ^a^e pa len 
figure 1 A, with the pelvis on a transverse and horizontal p 
correct attitude of adduction and external rotation 
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lesult in a faulty inteipietation of the degree of internal oi external 
lotation of an extiemity A conect interpi etation of the position of 
defoimity of an extiemity can be made only when the pelvis is placed 
on a tiansveise and hoiizontal plane without rotation on either its 
veitical 01 hoiizontal axis The piesence of a flexion defoimity of the 
hip joint cannot be determined by inspection of the involved extiemity 
alone, since it may be masked by the development of a compensatory 
lumbal loidosis (figs 2 A and B) It is best to examine a patient on a 



Fig 2 — In 4, the ^5 degree flexion deformity of the hip is not apparent 
because of the presence of a compensatory lumbar lordosis In B, obliteration of 
the lumbar lordosis b\ approximating the right knee to the chest makes the flexion 
deformiti of the left hip apparent 

film mattiess oi examining table in older to have the pehis and lumbai 
spine undei contiol 

The position of defoiniit) assumed b} the involved extiemit} depends 
upon mair\ factois, nameh muscle spasm, muscle paialyses, muscular 
incooidination, distuibed muscle balance and mechanical alterations 
following tiauma, joint distention, simple joint iiritation, joint destruc- 
tion giaMty pain and instinctive eftorts of the patient to gam comfoit 




Fjg 3 — “Frog attitude” assumed during the acute stage of infantile scurvj 
Note the subperiosteal hemorrhage over the lower portion of the right tibia and 
the epiph 3 seal halos (See fig 4 ) 



Fig 4 — Functional position of the lower extremities o heniorrba?*^ 

the frog attitude Note calcification of the massn e subpenos e 
encircling the shaft of the right femur 
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The attitude may be the lesult of one or of a combination of seveial of 
the foregoing factors, and it may change during the course of a disease 
if one factor gradually assumes a moie important role, replacing the 
eftect of another Foi instance, a position of comfoit in abduction 
may be replaced by the position of adduction following the development" 
of muscle spasm 

A classification of lesions about the hip joint that piesent fairly 
constant atitudes may be outlined accoiding to age periods, since certain 
diseases aftectmg the hip joint manifest their clinical onset during 
definite age periods (see table) The pseudopaialyses of rickets, scurvy 

Attitudes Associated with Hip Joint Lesions 


4ge Period of Inf nnej 


Ago Period of Childhood Age Period of Adolescence 


Pseudoparnlyses of 
Rickets 
Scurvy 

S} philitic epiphj sitis 
Frog attitude 


(a) Tuberculosis of hip joint 


Flexion 


Adduction, internal rotation 
Abduction, external rotation 


Separation of upper 
femoral epiphysis 

Adduction and external 
rotation 


(b) Spontaneous dislocation of hip joint 
Elexion, adduction, internal rotation 


(c) Acute 'eptic arthritis of hip joint 

fAdduetion, internal rotation 
Flexion-i 

(.Abduction, external rotation 

(d) Chronic deforming arthritis (Still’s disease) 
Flexion (adduction, internal rotation) 


Age Period of iarly Adult Life 

(a) Spondylitis deformans (Rhizomelic) 
(Bent ankyloced position) 

Flexion, adduction of hips 
Flexion or extension of spine 

(b) Traumatic dislocation of hip joint 
Anterior dislocation— 

Flexion, abduction, external rotation 
Posterior dislocation — 

Flexion, adduction, internal rotation 


Age Period of Late Adult Life 

(a) malum coxae senilis 

Flexion, adduction, external rotation 

(b) Fracture of neck of femur 
Adduction, external rotation 


and syphilitic epiphjsitis are observed duimg the period of infaiic’) 
Septic arthritis of the hip, primary or secondary to a remote infection, 
may appeal at any age, but is most common during the periods of 
childhood and adolescence The chronic deforming arthritides that 
present quite constant attitudes of the lower extremities aie Still’s 
disease and spondylitis ihizomelica, which hare their onset of sjmptoms 
during the peiiods of childhood and early adult life, respectively The 
greatei numbei of cases of tubeiculosis of the hip begin during the 
peiiod of childhood, although they mar appear at an_r age Spontaneous 
dislocation of the hip joint ma} occiu duiing anr age peiiod, but the 
majontr of cases develop during the period of childhood Epiphyseal 
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coxa ^clla, 01 sepaialion of the uppei femoral epiphysis, imaiiabh 
begins dunng the penod of adolescence The onset of symptoms m 
most cases is at about the age of 14 yeais Traumatic dislocation of the 
hip joint IS most fieqiiently seen dunng eaily adult life, when exposure 
to seveie tiauma is more common “Malum coxae senilis,” or chionic 
hipertiophic arthiitis localized to the hip joint, is, as the name implies, 
cl disease of late adult life Fiactme of the femoral neck is tisualh an 
injui) of old age, though it may occui at any time 



Fig 5 —This attitude resulted from the development of contractures atout 
either hip as the patient lay in the frog attitude dunng the acute sta^e 
Functional position of the hips was readily obtained by skin traction 
flaring of the femoral shafts at the epiphyseal disk regions and tie 
density of the femoral shafts on the concave sides 


I hate obseived four childien who weie admitted to 
the lowei extiemities m the typical “fiog’ position (fieMon & 
abduction 90 degiees and external lotation 90 degiees) 
loentgen examination demonstiated cMdence of actne 
cases and eaily infantile scuivy with subpeiiostea lemoi 
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case (figs 3 and 4) The lowei extiemities of three of these children 
weie tender on palpation and painful on manipulation, clinicalh mani- 
fested by pseudopaialyses The fouith child was admitted to the clinic 
with the lowei extiemities fixed in the “frog” attitude as a lesult of 
contiactuies about the hips (fig 5) Examination showed evidence of 
healed rickets, and it was assumed that the child lay in the “fiog” 
position duiing the active tendei stage of iickets with subsequent 
development of contiactures lesultmg m a fixed defoimity Adhesive 
ti action vas applied to the lowei extiemities ovei a peiiod of seveial 



Fig 6 — Flexion, abduction and external rotation attitude assumed during the 
caih stage of tuberculosis of the right hip joint with an insidious onset 

weeks, and complete coriection w'as giadually obtained This case 
cleail) demonstrated the importance of early collection of the “fiog ’ 
attitude dining the stage associated ivith psendopai alt ses to pieient the 
detelopment of a fixed deformitv This is easily accomplished Iw proper 
adjustment of pillow^s oi sand bags or adhesive skm traction maintaining 
the low'd extiemities in the optimum position foi leturn of function 
Congenital s}phihs ma} be manifested as an acute svphihtic epiph- 
Asitis of the hips associated wnth pseudoparah ses — the pseudoparah ses 
of Paiiot The lesion occurs along the line of ossification in long bones 
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and lesembles the epiphyseal distmbance of iickets Undoubtedly the 
"fiog” attitude may be assumed dining the acute and tendei stage of 
this disease when associated with pseudopai alyses I have neier 
obsened this lesion In geneial, the observation of the “frog” attitude 
duiing the age peiiod of infancy should suggest nckets, scmvy or acute 
syphilitic epiphysitis with pseudoparalyses 

Malposition is one of the most common evidences of tubeiculosis of 
the hip joint The attitude of the involved extremity vanes accoiding 
to the stage of the disease and -nhether the onset is insidious or acute 
When the onset is insidious, the malposition usually observed during 
the eaily stage when theie are symptoms of simple iriitation of the 



Fig 7 — This photograph may illustrate either instinctive traction applied to 
the left lower extremity or a method used by the patient to immobilize the rio it 
lover extremity (Patient with tuberculosis of the right hip joint) 


joint with efiusion is flexion, abduction and external lotation ( gs 
and 7) Late in the disease when there is definite involvement o tie 
caitilage and destxuction of the joint the malposition, as a lule, is fie 
adduction and internal rotation (figs 8, 9 and 10) The acute 
lous hip is held in flexion, associated with either abduction an ex er 
rotation oi adduction and internal lotation The flexion de 
a constant malposition, abduction is alwajs associated witi 
lotation and adduction with internal rotation The factois tia 
mine the malposition in an individual case cannot be satisfacton i 

mined 
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Spontaneous or pathologic dislocation of the hip joint more com- 
monly observed during early life, presents a fairly constant malposition 
of the imolved extremity m flexion, adduction and internal rotation 
The position is one of instability and is productive of dislocation (figs 
11 and 12) The mechanism of production of spontaneous dislocation 
is a deiangement of the normal action of the muscles surrounding the 
hip joint and is not dependent on destruction of bone or ligament The 
noimal muscular ariangement about the hip joint may be altered by 
muscle spasm, -which is ahvajs present during the acute stage of infec- 
tion of the hip joint, flaccid paraljses of anterior poliomyelitis and 



Fig 8 — Flexion, adduction and internal rotation attitude associated vith late 
tuberculosis of the left hip joint uith complete destruction of the femoral head 
and the formation of a v andering acetabulum 


muscle incooidination in spastic paialysis This attitude is a dangerous 
one and should be recognized early and corrected before the occurrence 
of the dislocation The attitude is easily overlooked eaity in the disease 
unless the position of the pehis and lumbar spine are caiefullj^ studied 
The patient may he in bed vith the legs paiallel, however, one extremity 
maj'^ be in marked adduction with the pelvis rotated on its anteropos- 
teiioi axis, and if unrecognized a faulty interpretation of the attitude 
IS made Also the flexion deformitj mar not be apparent because of the 
derelopment of a compensatoij lumbai lordosis Earh recognition of 
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joint should be piopeil} ananged in bed eithei on a him mattitss or 
on a Biadtoid fiame so as to have the pelvis and lumbai spine uiider 
contiol The pehis should be on a tiansveise and horizontal plane and 
the lumbar spine flat It is often useful to mark the skin with an ml 
hue 01 to place a coloi ed adhesive tape between the tvv'o anterioi superior 





Pm 12— Same case as m figure 11 one da\ later, with hip ;oint in “position 
of m-tabiht\ flcMon and adduction resulting in spontaneous dislocation 



Fig 14 — Roentgenogram of patient in figure 13 , demonstrating [j,(; 

flexion, abduction and external rotation associated with septic ar i 
right hip joint 
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Fig IS — Chronic deforming arthritis or Still’s disease with fleMon deformities 
of the hip joints Note the flexion, adduction and internal rotation attitude or 
“position of instability’’ of the left loner extremity with resulting spontaneous 
dislocation of the left hip 



Fig 16 — Same as figure 15 
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spines while the patient is under tieatment so that the position of the 
pelvis may be readil> lecognized It is also a fundamental punciple that 
dining the acute stage of any infection of the hip joint "the position of 



Fig 22 — Adduction and external rotation attitude associated with fracture of 
the femoral neck (See figure 23 ) 



Fig 23 — Nonunion fracture of the left femoral neck with adcluctio 


rotation attitude of the involved extremity 

instability” (flexion, adduction, internal lotation) f 

and if present should be corrected to the position o s an ^5 

of skin traction The knee should ahvays be supportec 

slight flexion, since continued traction on an extienn i 
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complete extension is pioductive of hj pei extension deformity of the 
knee oi genu recurvatum 

Septic arthritis of the hip joint, either primai) or secondary to some 
1 emote source of infection, is in most instances associated with the 
position of flexion, abduction and external rotation (figs 13 and 14), 
although the flexion deformity may be combined with adduction and 
internal rotation An attempt at traction on the involved extremity by 
the foot of the opposite noimal extremity is frequently observed, an 
instinctne, unconscious effort at traction for the puipose of relieving 



Fig 24 — Flexion, abduction and external rotation attitude associated with 
traumatic anterior dislocation ot the hip 

muscle spasm and pain Subsequent invohement of the normal hip 
joint in this group of cases is common, and late in the disease a bilateral 
infection of the hip joint is observed with the primarily imolved hip in 
the position of stabiht} and the hip joint of the opposite extremity, 
vhicli was utili7ed for instinctne tiaction, in the position of instability 
In this gioup vith bilateral inxohemcnt of the hip joint the pnmarily 
affected hip iieier goes out of place, since the position is one of stabilitj, 
but the hip joint of the opixisite side which vas placed in “the position 
of instabih^” during an effort at instinctne traction is frequenth dis- 
located The instincln e effort at traction b\ the normal extremity mav 
aho be obsened during the acute stage of tuberculomas of the hip' joint 
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e^tanal 

Still’s disease oi chionic deforming polyarticular arthritis of child- 
hood piesents a constant malposition of the lower extremities The 



Fig 2S — Traumatic anterior dislocation of the hip with flexion abduction and 
external rotation attitude of the imofved extremity 



Fig 26 — Flexion, adduction and internal rotation attitude associated mth 
matic posterior dislocation of the hip 

hips aie flexed, adducted and inteinall} lotated Flexion is the 
piominent defoimity, but adduction and inteinal lotation aie often 
bined and frequently inoie maiked in one extiennh, placing it ni 
position of instability” which may lesnlt in spontaneous (is oca 
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(figs 15 and 16) Flexion and subluxation deformities of the knees 
and equmus deformities of the feet are also common!} associated 

The attitude of an adranced case of spond}htis deformans of the 
rhizomelic t}pe is also trpical The dorsal and lumbar spine ma} be 
ank}losed m complete extension or greatl} curved in the form of an 
arc ^^dlen the cerr ical spine is ankylosed, the head mar be either flexed 
on the trunk or in complete extension The hip joints ankv lose in 
flexion, often associated ^Mth rar}ing degrees of adduction The bent 
ankjlosed position in rhizomelic spond}htis is characteristic (figs 17, 
18 and 19) 





Tig 27 — Traumatic posterior dislocation of the hip with flexion adduction 
and internal rotation attitude ot the intohed exfremiti 

Epiphtseal coxa taia, or separation of the upper femoral epiphtsis, 
which imanabh has its onset of sxmptoms during the age period of 
adolescence, presents a tipical attitude (figs 20 and 21) The iinohed 
extremit} is adducted and externall} rotated Flexion deformitv of the 
imohcd hip IS not constant which is in contrast to the condition found 
in infections of the hip joint in which rariing degrees of flexion arc 
piacticalh alwais found Separation of the upper femoral epiphvsis is 
a hazard of adolescent life while fracture of the neck of the femur i^ 
a hazard of late adult life and the attitude of the iinohed extremit} 
m each condition is -veri similar Tn old persons with fracture of the 
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femoral neck, the attitude is tj'pical (figs 22 and 23) The extremity 
IS adducted and externally rotated The external rotation is often 
niaiked, and when the extremity is passively rotated inward and then 
leleased it immediately returns to the former position 

Traumatic dislocation of the hip joint is either anterior or posterior 
and each tjpe is associated with a typical attitude Anterior dislocation 
IS characterized by the position of abduction and external rotation with 
the knee flexed (figs 24 and 25) When the femoral head lies in the 



Fig 28— Flexion, adduction and external rotation associated with mahim 
coxae senilis of the left hip 


obturator foramen, the external rotation is less marked while a 

IS increased If the femoral head occupies the pubic positiOT, tie^^ 

nal rotation is more marked and abduction is decreased 

associated rvith it a mild flexion deformity Posterior 27) 

an attitude of flexion, adduction and internal lotation ( gs 

The heel of the dislocated extremity often rests on the ° ,, 

opposite foot The attitude is less pronounced when tie 
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of the low t}pe with the femoral head in the legion of the gi eater 
sciatic notch 

Malum coxae senilis oi hypertrophic aithiitis of the hip joint, which 
appeals at or aftei middle adult life, is characterized b> the attitude of 
flexion, adduction and external rotation (figs 28 and 29) Flexion 
and adduction are the most marked features of the attitude Theie is 
occasional!} a definite history of injur}^ preceding the onset The his- 
toiy of injury dining old age and the foiegoing attitude may suggest 
fiactuie of the neck of the femur, but complete examination will estab- 
lish the diagnosis of osteo-arthritis of the hip joint 



Fig 29 — Malum coxae senihs of the left hip with flcMon, adduction and 
external rotation attitude of the iinohcd cxtreinih Note the loss of joint space, 
sclciosis ana areas of c\stic degeneration of the femoral head and acetabulum 


SUMM \R\ 

1 The attitudes of the tollowing lesions about the hip are discussed 
nameh infantile scinw, rickets and sjphihtic epiplnsitis associated 
with pseudopaiahses tubeiculosis of the hip spontaneous or jiathologic 
dislocation ol the hip septic arthritis of the hip chronic deforming 
aithntides — StilU disease and spondahtis rhizomchca, cpiplnscal coxa 
\aia 01 sepii ition of the upper femoral cpiplnsis, traunntic dislocations 
of the hip malum coxae ‘^cnihs or hxpertrophic arthritis of the hip 
and fracture of the neck of the femur 
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2 Certain lesions about the hip joint piesent fairly constant atti- 
tudes of the lower extiemities and have definite relations to age peiiods 

3 There are a nuinbei of factois that determine the attitude of the 
lowei extiemities, the factois that deteimine the malposition in an 
individual case cannot always be satisfactorily explained 

4 A coirect intei pi etation of the attitude of the lower extiemities 
cannot be made unless the pelvis is placed in the normal anatomic posi- 
tion with lefeience to the tiansverse and hoiizontal planes, and the 
lumbal spine is flat 

5 The “frog” attitude in a child should lead the physician to suspect 
one of the pseudopaialyses associated with iickets, scurvy oi sjphiiitic 
epiphj^sitis 

6 “The position of instability” of the hip joint (flexion, adduction, 
internal rotation) is pioductive of spontaneous dislocation and should be 
considered a dangeious attitude 

7 Epipltyseal coxa vaia is a hazard of adolescent life, and fracture 
of the neck of the femui is a hazaid of old age The attitude ot the 
im olved exti emity in each condition is similai , i e , adduction and 
external lotation 

8 Infection of the hip joint piesents a constant malposition of 
flexion combined with eithei abduction and external lotation oi adduc- 
tion and internal lotation 



SPONDYLITIS DEFORMANS 


SAAIUEL KLEINBERG, MD 

NEW \ORK 

One of the gieatest advances in oithopedic suigery is the develop- 
ment and application of pieventive measuies in the control of deformi- 
ties, particularly those of the spine Because of familiarity with the 
piogiess and end-iesults of certain diseases, it is possible to institute 
treatment to forestall severe defoimities and then inevitable accompany- 
ing functional deiangement One is no longei content to watch a case 
of structuial scoliosis, for instance, tieated by antiquated theiapy, 
piogiess to a degiee of deformity which is both grotesque and disabling 
By a well planned spinal fusion, the mild and moderate grades of 
scolioses may be prevented from becoming worse, thus assuring 
the patient an acceptable appearance and physical fitness Similarly, the 
progiessive deformity of spondylitis deformans may be checked if 
the disease is lecognized m its mcipiency and the proper course of treat- 
ment immediately instituted The puipose of this communication is to 
call attention to the clinical aspects and to the most effective foim of 
treatment in cases with increasing deformity 

Spondylitis defoimans is a piogiessive disease of the spine chaiacter- 
ized by gradually increasing flexion of the tiunk and ankylosis of the 
veitebrae The disease may come on insidiously, but it usually begins 
suddenly with pain and stiffness of the back, resembling an attack of 
so-called lumbago The pain may be limited to one part of the spine, oi 
may he geneial thioughout the back It may ladiate to the head, chest, 
abdomen or to the extiemities At fiist the symptoms appear at inter- 
vals of vaiying duiation, with inteimissions, duimg which the patient is 
free fiom discomfoit and stands and walks eiect Injury or illness may 
aggravate the symptoms If the patient is examined during the fiist 
year or two after the onset, it will be found that he stands and walks 
with his head bent forward The back is symmetrical but flat There is 
a loss of the noimal lumbar hollow, and the spinal motions aie 
moderately oi maikedly limited If asked to straighten up, the patient 
sways his trunk backward until his eyes look forward The suigeon 
can however, readilv detect that in this act there is only slight motion 
in the spine itself, the tiunk being hypei extended on the hips Theie is 
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moderate spasm of the tiunk muscles, but no tenderness of the veitebiae 
When the trunk is bent foicibly m any dnection, theie is considerable 
pain This is, I believe, a significant observation, indicating inflammator} 
nutation of, oi in the vicinity of, the veitebrae An x-iay film of the 
spine may be entiiely negative or may show marginal hpping or osteo- 
phytes This may not excite special interest, unless one suspects the true 
nature of the lesion and anticipates that continued growth of the bom 
spurs will cause fusion of the veitebiae Because of the slow progiess 
of the disease and the fiequent i emissions and peiiods of well being, 
the attention of both the patient and his plwsician does not become 
focused on the spine until theie is a definite resistant defoimity When 
the orthopedic suigeon is consulted, several j'eais have usually elapsed 
since the onset of the symptoms, theie are well maiked clinical evidences 



Fig 1 — A patient with an advanced degree of spondvhtis deformans 
trunk IS fived in flexion The chest is fiat and the abdomen prominent There 
IS marked increase in the dorsal backward curve The head is held 
The patient cannot look up except by bending the trunk backward on tie up 
Note the crease across the abdomen indicating flexion of the trunk 


of giave disturbance of the function of the spine, and the x lay fi 
leveal the beginning of ankylosis of the vertebrae 

At a later stage theie is increasing deformity with stiffness o t 
back and weakness of the back and legs The trunk , ,gs 

Itself (fig 1 ) Theie is a forwaid thrust of the head, so that i 
are continuously directed downward Theie is a marked inciease ^ 
hackivard cuive of the doisal aiea and flattening of tio 
The lowei pait of the chest is depiessed The lower 
abdomen bulges and theie is a deep crease acioss “PP^^ W ^^^,011 
abdomen indicative of fixed flexion of the spine 
defoimity becomes especially noticeable when the P^ 4 W 
back When the lumbar area is flat on the table, the lea 
8 inches (1016 to 20 32 cm) awav from the table 
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awkwaid because of the rigidity of the spine during eveiy motion of 
the body Ultimately the spine becomes completely ankylosed, so that 
the patient has what is called a “poker back He is usually able to 
move his head backward and foiward a little because the occipito-atloid 



Fig 2 — Anteroposterior view of the lumbar spine in a case of advanced spon- 
dylitis deformans showing complete bony ankjdosis of the spine by bilateral 
intervertebral bridges of bone 

joints are rarely involved, but he cannot move his head sideways, nor 
bend his spine foiward, laterally or in a rotary dnection The ribs may 
become fixed through anl^dosis of the costovertebral joints, so that 
breathing is entirely abdominal The general health of the patient is 
very poor, and he suffers much from headache and neui asthenia The 
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backache disappears when the vertebial ankyJosis is complete, but the 
pam in the limbs ma} continue indefinitely because of the pressure of 
the newly foimed bone on the nerves at then exit fiom the intervertebral 
foramina 

Spond}ditis defoiinans may occur m one of thiee foims (1) as an 
independent disease (most frequent type), (2) as part of a general 
polyarthi itis and (3) in association with involvement of the hips or 
shouldeis It occurs much more frequently in males than in females, 
and usually between the ages of 20 and 40 Its causes are numerous, 
and many of them aie not thoroughly understood In general, three 
etiologic types may be distinguished (1) that which is part of a gen- 
eral metabolic distuibance, (2) the tiaumatic variet}'’ and (3) the infec- 
tious gioup In the lattei tj^pe are such well known causes as typhoid 
and gonorrhea 

The chief pathologic change is a chronic pi ogressive ossifying peri- 
ostitis of the spine which leads to ankylosis of the vertebrae and the 
costovertebral joints This process may aftect a limited area, but it 
usually involves the entire spine, and is apparently the same inespectne 
of the paiticulai etiologic factor The new bone in the advanced stage 
of this disease, accoiding to Jones and Lovett, appears in the x-iay pic- 
ture like callus that has been melted and allowed to run down the fiont 
and sides of the veitebial column (fig 2) 


TREATMENT 

The treatment is general and local The general treatment is dnected 
toward removing oi remedying whatever etiologic factor or focus of 
infection is discovered, toward improving the health of the patient 
and toward relieving him of pain So fai as focal infection is conceine 
It has been my experience that one can rarely discover a source of m ec 
tion that may with certainty be considered the real cause of the spmn 
disease Fuitheimoie, removal of infectious foci, such as disease 
tonsils 01 teeth, does not usually have a beneficial effect on the verte ra 
lesion This fact was emphasized in a recent aiticle on spoil \ i 
defoiinans by Dr Nachlas ^ of Baltimoie In the foi egomg tioug^j 
I do not mean to convey the impression that spondylitis 
not dependent on some infectious process But, thus far, I 
unable, except in a few cases m which the disease was evi 
typhoid 01 gonoiiheal origin, to identify definitely the causative 

The local treatment is directed to the back and has 
relation to the cause of the disease The local treatment o sp 

1 Nachlas, William Focal Infection in Spond^lltIS Delonnaiis, A 
20 159 (Jan) 1930 
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defoimans is concerned fiist, with the collection of the defoimity, 
secondly, the mobilization of the spine whenevei possible, and thirdly, 
the lelief of backache When the condition of the patient has piogiessed 
to the stage of complete boii} ank3dosis of the vertebiae, the deformity 
and disability are peimanent and irremediable However, during the 
eailiei stages, and foi a long time before the ank3losis is complete and 
absolute, there is ample opportunity to apply treatment effectively 
Though the patient ma3’’ present what appeals to be clinically complete 
rigidit3 and fixation of the entire spine, if the x-ray pictuie shows no 
bony ank3dosis oi complete fusion of only some of the veitebrae or 
paitial fusion of seveial small spinal segments, I am encouraged to apply 
tieatment in the hope of airesting the piocess and, moie paiticulaily, ot 
correcting the existing defoimity It is this phase of spondylitis 



Fig 3 — Patient with spondjlitis deformans resting on a convex frame This 
attitude of hyperextension is attained only after several weeks of treatment on a 
frame which at first is flat and later is gradual!}' made convex 

defoimans that has inteiested me especially, and I shall discuss at length 
the local treatment which has proved of great value 

The essential element in the treatment is continuous rest in the supine 
position, first on a straight frame and latei on a convex frame (fig 3 ) 
In this attitude the muscles relax, the discomfort disappears, and the 
spine gradually adapts itself to the curve of the frame The tieatment 
IS slow and prolonged Both patient and surgeon must be prepared to 
spend fiom two to six months in attaining then object The treatment 
can best be carried out in a hospital equipped with a brace shop foi the 
manufacture of the frame and for the frequent changes in its angula- 
tions The treatment is most conveniently carried out in an oithopedic 
institution, where even body conceined is accustomed to chionic cases 
and the caie of this tApe of patient, Avho needs much patient musing. 
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The flame is rectangular, made of gas pipe and covered with tightly 
stretched canvas It is the ordinary convex fiame used for scoliosis, 
round shoulders and Pott’s disease, except that it is seveial inches mder 
than the distance between the patient’s shoulders, so that his arms may 
lest comf 01 tably on the canvas Twenty inches (50 8 cm ) is an average 
width The length of the fiame is sufficient to allow it to extend about 
4 inches ( 10 cm ) above the patient’s head and at least as much below 
his feet The fiame may lest on the mattress oi be suspended from the 
head and foot pieces of the bed 

Usually the patient cannot be placed on the fiame immediately, 
because the spine is so stiff that it cannot adapt itself to the position 
of extension Consequentl)^ he is fiist placed in bed and urged to stay 
on his back as nearl}’’ continuously as possible Several times a dai he 
turns on one oi the othei side for lelief from the supine position After 
a few da 3 's he is placed on a fiame that has a gentle curve of approxi- 
mately 5 degiees Seveial days later the cuive of the frame is increased 
by 5 or 10 degrees, and eveiy foui or five days thereaftei the angle of the 
frame is slightly inci eased The change in the curve of the frame 
depends on the tolerance of the patient and his ability to aich his back 
in conformity to the convexity of the frame In the aveiage case, one 
can expect to increase the angle of the frame to 45 degrees in about 
from fom to six weeks There are at present two frames that are par- 
ticularly useful in gradually hypei extending the spine One is that 
devised and described b)’^ Dr M H Herzmaik- His frame is adjust- 
able as to length and width and has a joint on each side The frame is 
adjusted so that the joint is opposite that part of the back where one 
hopes to get the greatest convexity The curve of the frame is con- 
ti oiled by a tm n-buclde connected by long levels to the ends of the 
fiame This fiame is especially useful for cases of spondylitis defor- 
mans, as at fir st it may be made concave f oi ward and thus make a com 
for table bed for the patient with a flexed spine Then without removing, 
the patient, the curve of the frame may be changed slowly and as 
gradually as may be necessary, so that the concavitj is ultimately con 
verted into a convexity A convexity of neaily 60 degrees mar i 
obtained on the Heizmaik frame The other is the fiame devise 
Di Charles Rogers of Boston It is a very ingenious apparatus 
arrangement similar to an automobile jack, the convexitj'’ of tie 
can be gradually increased without lemoving the patient 

During the period of active treatment on the frame, the back re 
baking and massage The patient is also encouiaged to exerc 
limbs and his back Seveial times a day he changes to tie supine 

2 Herzmark, Maurice H An Adjustable Convex Frame, J 
Surg- 11 794 (Oct) 1929 
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tion, places his hands behind his back and forcibl}' aiches his back until 
he can look up at the ceiling It is suipiising how much the patient 
can accomplish by peisistent effoit The extension and ultimate hyper- 
extension ot the spine can be materially increased by judicious daily 
passive movement oi sti etching of the spine This piocedure should not 
be left to a masseur, who in his desiie to bring improvement may use too 
much foice and set up a painful irritation of the spine which will 
retaid the impiovement The suigeon m chaige should stretch the 
patient’s back He knows what he seeks to obtain by tieatment, he has 
studied and undei stands the patient, and is in a position to appreciate 
best the degiee of foice and the duration of the treatment that may be 
safely employed to eftect a correction of the defoimity When the spine 
can be aiched backwaid voluntarily to a normal or neaily normal angle, 
one begins to move the spine laterally and m a lotatoij" diiection 

One aims foi a complete collection of the defoimity Sometimes, 
however, because of the seveiitj of the disease process, a cure is impos- 
sible, and one must be content with only an impiovement The collec- 
tive measures are continued until there is no further change despite the 
use of strenuous force 

When a cuie oi the maximum impiovement has been obtained, the 
patient is left on the frame several weeks longei to assure the per- 
manency of the result In the meantime, he is measured for a Taylor 
spinal biace This is pi ef erred to other spinal suppoits, because it fixes 
the shouldei and pelvic giidles while exerting coirective pressure on the 
dorsal area When the brace has been applied, the patient is allowed to 
Sit up 01 stand for brief periods Gradually the period out of bed is 
extended until the patient is able to be about for several hours a day 
He can then be discharged from the hospital and the treatment com- 
pleted at the patient’s home, in the physician’s office or, in the case of a 
seivice patient, in the dispensary The local treatment to the back should 
be kept up for many months 

During the gieatei part of the day the patient lies on the convex 
flame When out of bed, he weais the spinal biace He must continue 
with massage, stretching of the back and corrective exercises The 
suigeon cannot relax his efforts until theie is definite evidence oiei a 
period of many months that theie is no tendency to relapse of the 
defoimity 

REPORT CASES 

Case 1 — W L, aged 21, was admitted to the hospital on Dec 22, 1927 His 
chief complaint was of pain and stiffness ot the back, pain in the shoulders and 
weakness of the lower limbs About two ^ears prcMoush he fell a distance 
of 15 feet, striking the ground in the sitting position One month later he began 
to have pam in his back and right hip The stiffness of his back began one ^ear 
before admission to the hospital and gradualh increased, so that at the end of 
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SIX months he was unable to bend sideways, forward or backward During tlic 
last few months he tired easily and was unable to lift objects from the floor 
Later he had pain m both shoulders His past history was unimportant, except 
that he had had the ordinary diseases of childhood and at the age of 8, typhoid feier 
On admission to the hospital, he presented every evidence of spondjlitis 
deformans He was m poor general condition He stood and walked witli his 
bod^ inclined forward (fig 4) His gait was awkward There was stiffness 
and loss of mobility in the dorsal and lumbar areas, with a marked increase 
m the dorsal curve and flatness in the lumbar region The cervical spine was 



Fig 4 (case 1) — W L, on admission, showing the typical 
person with moderate grade of spondylitis deformans The head is thrust 
There is an increase m the posterior curve of the dorsal area The lum ar r » 
is flat 


freely movable, and neither the shoulders, hips, nor any of the ot ler jo^ 
involved The x-ray pictures of the spine showed little positne ^ 
vertebrae The Wassermann and gonococcus fixation tests were ne^a 
This patient evidently had a spondylitis deformans in winch on 
joints were involved The disease probably resulted from the ^gent 

two years previously There was no evidence of any infectious a 
The attack of typhoid fever, noted in the historv, occurred showed 

probably had no relation to the spinal lesion Although the x-ra' 
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no ankjlosis the spine was rigid, and the patient had a well marked fle'.ion 
deformity of the trunk This patient was at a stage in his disease when treat- 
ment could not only correct the existing deformitj^ but prevent future distortion 
of the spine According!}", he w’as given the treatment outlined He was kept 
on a convex fiaine for several moi ths The backache and the pains in the limbs 
disappeared, aird^h^ deformity w"as corrected He was discharged wearing a 
Taylor sni^ai-^ce (fig 5), wuth the trunk restored to the normal attitude 
^ASE 2 — Max B , aged 35, w'as seen in February, 1928 His chiet complaint 
w"as of stiffness of the back and cunature of the spine The known duration was 



Fig S (case 1) — W L, at the end of the hospital treatment, showing correc- 
tion of the deformity He is w'eanng the Taylor spinal brace, wFich maintains 
the attitude of extension of the spine obtained by treatment on a com ex frame 

three years He w'as a tailor and had ahvajs sat w"ith his body bent lorw'ard 
His symptoms w'ere initiated bj pain across the low'er part of the back Gradually, 
his back became stiff 

This patient was underweight and in poor general condition His spine was 
curved backw'ard markedh in the dorsal region and w'as flat in the lumbar area 
His trunk w'as fixed in flexion There was complete iminobiliti oi the dorsal 
and lumbar vertebrae In the cenical segment of the spine there was slight motion 
W'hich W'as verj painful No other joints were affected The x-raj pictures of 
the spine showed an increase in the dorsal curve and an obliteration oi the lumbar 
lordosis There were no ostcoph^tes or bony bridges between am of the lertebrae 
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This ^^as a case of extreme spondylitis deformans due, probably, to mam 
years of faulty posture All of the vertebrae, including those m the cerucal area 
were affected Since there nas no bony ankydosis, as evidenced bv negatne \-ra\' 
pictures, the prognosis was favorable and one might expect to correct the defonmti 
completely by the postural treatment outlined 

Case 3 kirs K was seen by me in January, 1929 She complained of 
deformity ot the back, pain in the right thigh and a limp on the right side Four 
years previously, following the birth of her second child, she began to have back- 
ache This gradually increased, and her back became increasingly deformed 
Examination showed that she had a marked degree of spondylitis deformans Her 
spine was bow'ed backward, her head was held forward There was complete 
rigidity of the spine and loss of mobility m all of the mtery'ertebral joints, except 
that between the occiput and the atlas There was enough motion iii the occipito 
atloid joint to permit flexion and rotation of the head In addition, she had 
marked imohement of the right hip joint The limb yvas flexed to an angle 
of 150 degrees There yvas about 40 degrees of flexion, practically no abduction, 
and only a few degrees of rotation The x-ray pictures shoyyed a very advanced 
osteo-arthntis of the right hip and of all of the y^ertebral joints In this case tlie 
arthritic process m the spine was associated w ith an arthritis in the right hip 

Case 4 — A Y , aged 65, had pains in all of her joints for fifteen years During 
the last fiy e V ears she has suffered more particularly from pain in her back and 
m her knees Examination shoyved that she had complete immobility of the dorsal 
and lumbar yertebrae, marked backyvard bowing in the dorsal area and flatness 
in the lumbar region The motions m her cervical spine yvere limited to about 
half of the normal She had a very marked degree of arthritis in both sacro-iiiac 
joints, in both shoulders, m the fingers, m both hips and in both knees In this 
case the spondylitis w'as part of a generalized arthritis 

The foiegoing font cases were chosen as i epi esentative of the dil- 
feient types of spondylitis which one encounteis They hai^e also been 
cited in the ordei of fieqtiency with which one sees the difteient lesions 
associated yyath spondjhtis defoiwans 

SUMMARY 

To lev lew biiefl} the i^ieceding considei ations Spondylitis <kfor 
mans is a chiomc disease of the back chaiacteuzed bt inci easing sti ness 
and deformity of the spine, backache, pains in the head, chest 
extiemities, headache and impairment of health Although tlieie 
numeioits causes of this disease, the final pathologic change 
in all vaiieties The most disabling featme of this disease is tie 
deformity of the spine Treatment to be eftectne must be ms^i^ 
before theie is complete bon) ankylosis of the spine The de 
he collected, oi at least i educed, by continuous tieatment on 
flame, supplemented by physiotheiapy, sti etching of the bac ^ 

tai) couectne exeicises Following the collection oi the ^ 
faymrable result can be assured onh'- by a long peiiod o stippo 
back in a spinal biace 
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Heretofoie, the methods used for measunng the eftect of various 
types of atelectasis on the pulmonary circulation have been too indirect 
to justify positive assurance as to the actual quantitative vaiiations in 
blood volume that occui in a lung as a lesult of pneumothorax oi 
bronchial obstruction The evidence available is adequately reviewed m 
the recent exhaustive ai tide by Coryllos and Birnbaum ^ In support ot 
the ischemic effect of obstiuction atelectasis, these authors offer furtbei 
evidence by pei fusion expeiiinents of the lungs with india ink Micio- 
scopic examination of the atelectatic lung, with the interalveolar capil- 
laiies rendered visible b} this method, shows by comparison with the 
noimal lung a maiked deciease in the number of capillaiies per unit of 
paienchyma From this they conclude that the blood content per 
alveolar sac and, therefoie, for the whole lung is less than for a normal 
lung With Bums,^ who used a colorimetric method of measuring the 
relative amount of blood m the sound and in the collapsed lung, the'\ 
agiee that the decrease in blood capacity is propoitionate to and “legu- 
lated by” the degree of collapse 

Since the phjsiologic mechanism underlying the success of modern 
collapse theiapy is not yet clearly understood, it seems that a diiect 
quantitative determination of the total blood and lymph flow m a col- 
lapsed lung would lead to an elucidation of the factors involved in the 
obviously effective measures now in use 

This leport deals with a method, adapted from one published in 1923 
In Drinker, Shaw and Drinkei ? of obtaining such quantitative data as 
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fai as the blood flow is concerned They were able to quantitate 
accurately the amount o£ manganese deposited in vaiious oigans of the 
cat following intiavenous injection of a suspension of manganese 
dioxide or manganese silicate particles But it was felt that for the 
pui poses of this study a colloidal solution of a nontoxic, insoluble, non- 
diftusible substance, which could be used as a perfusate and accuiately 
quantitated, would be piefeiable Colloidal nickel sulphide (solubility 
0 003 mg pel litei 20 C ) was employed because Fairhall,^ in 1926, 
published a reliable method foi the quantitative estimation of nickel in 
biologic mateiial 

The follo^Mng expeiiments give as direct evidence as it seems pos- 
sible to obtain that atelectasis, whethei induced by pneumotlioiax or 
bioncliial obstiuction, definitely and maikedly deci eases the total blood 
volume of the affected lung 

Thiee senes of expeiiments weie earned out the fiist, to deteiinine 
the noimal ratio of total blood volume of the two lungs, the second, 
to obseive the effect of a paitial or complete compression atelectasis 
(pneumotlioiax) on this ratio, and the third, to observe the effect of 
a total obstruction atelectasis (bronchial ligation) on this latio The 
labbit was used foi all the expeiiments, chiefly because of its relatively 
iigid and impeifoiate mediastinum as compared with other laboiatoiy 
animals 

MCrilOD 

All experiments were earned out under intrapentoneal barbital anesthesia 

The nickel sulphide perfusate was prepared as follows “Nickel sulphide, 
CP” (Elmer and Amend) was repeatedly washed with distilled water until all 
of the soluble nickel salts present were removed An excess of this was dial en 
up with a liter of 5 per cent solution of purified acacia brought to a pn of 74 an 
allowed to stand The supernatant colloidal solution of nickel sulphide vas 
siphoned off and used for intravenous injection This solution is stable and runs 
from a buret without leaving the slightest trace of precipitate on the sides o 
the tube 

The first series of six rabbits were treated as follows A cannula was mser 
in the left carotid artery, and another, connected to a buret containing tie 
fusate, was inserted into the right jugular vein The animal was bled, an , u- 
about half exsanguinated, the perfusate (from 50 to 100 cc ) was slow} rufi 
the vein until the blood from the carotid artery was practically blac^, soon a 
which the animal died The trachea was then clamped, the chest ^ 
lungs ligated in situ at the hilus, and then remoied, no fluid escaping 
part of the rascular S}'’Stem until the lungs W'ere cut a^va^ proxima o 
of the ligature The entire vascular system in these rabbits seeme 
perfusate mixed wuth a small proportion of blood There w'as no ^ . tissue 
lungs or other tissues that any of the nickel sulphide had entere 
spaces b} penetrating the capillary walls All six animals showee an 

4 Fairhall, L T J Indust Hyg 8 528, 1926 
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Sion of the nickel sulphite throughout their lung surfaces An une\en diffusion 
occurred in a number of animals not mcluded in this series, probabh' because of 
insufficient bleeding These uere discarded as unsatisfactorj and were not 
analj zed 

Each lung was quantitatn ely anaUzed for metallic nickel, wdiich was taken as 
a measure of the total blood volume of the lung The results showing the normal 
ratio of total blood \olume of right and left lungs are gnen in table 1 

The second series of animals were treated in the same w'a\, but were pre- 
\ioush subjected to pneumothorax This was accomplished b\ injection of air, 
in amounts i ar\ mg from 30 to 50 cc , into the pleural space, a w ater manometer 
being used as a guide, so that in all but two or three cases no positne intrapleural 
tension was present when the pneumothorax was completed The degree of col- 
lapse resulting w^as not proportionate to the amount of air introduced The 
reason for this is not clear, but those cases in which the air was slowdy injected 
were usuallj more completelj collapsed In se%eral animals not listed in the 
tables, the lung was reduced in size to far below that seen in full expiration 
wnthout showing the liier-hke consistencj of atelectasis 

Table 1 — Ratio of Total Blood Volume of Right and Left Lungs in Teinis of 

Milligt ams of Metallic Nickel 


Ratio, Mg Ratio Per Cent 


Experiment 

/ “ 

Right Lung 

Left Lting 

^Right to Left 

Left to Right 

1 

0 717 

0 400 

179 2 

55 7 

2 

0 750 

0 473 

157 S 

63 3 

3 

0 713 

0 500 

143 0 

09 9 

4 

0 450 

0 230 

ISO 0 

55 5 

5 

0 170 

0 250 

18SS 

53 2 

6 

1 300 

1 063 

140 S 

61 1 




Average 104 9 

39 7 

The perfusion 

in these animals 

was carried 

out within from 

ten minutes to 


half an hour following the induction of the pneumothorax Following the induc- 
tion, some of the animals were slight^ cjanotic, some show'ed hjperpnea or 
tachjpnea and others seemed to be apparentlj unaffected 

The third series w'as earned out in order to compare the effect of compression 
atelectasis w ith obstruction atelectasis For this purpose prelimmarj' ligation of a 
primarj bronchus was done by way of the superior mediastinum A tracheal 
cannula was connected to an artificial respiration apparatus, and the mediastinum 
exposed b^ splitting the sternum in its upper two-thirds The thjmus was lifted 
up from the pericardium, the aorta retracted to the left and the superior ^ena 
cava to the right, and a ligature was applied to the right primarv bronchus after 
it w^as carefulh isolated from all other structures In certain cases the mediastinal 
pleura was not opened, but as a rule the right mediastinal pleura was una\oidab!v 
torn m lifting the thjmus up and out of the wa\ Before the ligature was 
tightened, the lung w^as distended just enough to fill its entire pleural space so 
as to aioid anj compression atelectasis In order to saie the time necessarj for 
absorption of intra-ah eolar nitrogen, pure oxjgen was fed into the lungs for 
some minutes before the ligature was applied As soon as the ligature was 
applied the chest was closed the last ligature being tied at the height of an 
inspiraton stroke of the artificial respiration machine The animal was then 
allowed to breathe air spontaneoush, but m a few cases it was necessari to con- 
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tinue artificial respiration until the experiment was completed The perfusion 
was carried out without much waiting, because it was noted in several preliminari 
experiments that not more than a few minutes u ere necessary to produce a total 
atelectasis when the lung contained pure oxjgen before application of the 
ligature This was not the case when air was breathed before bronchial ligation 
(see illustration) 

Van Allen and Adams have lecently leported their inability to 
produce atelectasis in a normally breathing animal subjected to total 
bronchial obstiuction They consider that straining respiration is 
essential The time necessary to absorb the incarcerated nitrogen seems 
to be the impoitant factor Audi us® obtained total atelectasis in three 
da 3 ^s, and Coi 3 dlos and Binibaum^ secured the same result in twenty- 
four hours 



Lungs removed one-half hour after ligating the right primary broncius m 
rabbit In A, the animal was breathing air before ligation, result, ’ 

m B, it was breathing oxygen before ligation , result, total atelectasis le a 
point to the ligature on the right primary bronchus 


In both the second and the third senes, as in the first, 
used for analysis that failed to show an even diffusion of me e si p 

throughout the lungs 


COMMENT 

Fiom table 1, it is evident that the labbit’s right Jung has a 
of 164 9 pel cent total blood volume as compared to tie^ 
The variations fiom this mean do not appear too excessu 


the aveiage result far fiom the truth 

5 A^an Allen C M , and Adams, W E 

6 Andrus, W deW Cardiorespiratory 
One Lung by Bronchial Ligation, Arch Surg 


Surg Gynec Obst 1 38:i, 19 

Phvsiologv Follovj.ng Collapse 

10 506 (Jan ) 1925 


of 
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Fiom the uppei half of table 2, it appears that a partial atelectasis 
of vai 3 ing degiee, loughly estimated by surface inspection, in the right 
lung 1 educes the normal ratio of blood volume of the light lung as 
compared with the left fiom an aveiage of 1649 per cent to one of 
122 3 per cent — a i eduction in total blood volume in the right lung of 
25 9 per cent 

It IS obvious that the actual amount of nickel present in the different 
animals varies considerably This is due to the varying concentration 
ot the nickel sulphide particles in the different samples of perfusate 
made up foi injection and to the varying degiees of exsanguination in 


Faelf 2 — Effect of PaifiaJ to Complete Comptesston Atelectasis of the Ltmg on 
Its Total Blood Volume Measuied m Tetms of Mtlligiams 
of Metallic Nickel 






Amount of Metallic 





Ur Used 


Xickel 

Mg 

Ratio, Per Cent 

Luns 


for 


, ^ 


^ 


Com- 

E\peri- 

Pneumo- 


In Right 

In Left 

Right to 

Left to 

pressed 

ment 

thorax, Cc 

Extent of Atelectasis Obtained 

Lung 

Lung 

Left 

Right 

Right 

1 

50 

Partial (about V complete) 

0 163 

0 113 

144 4 

69 2 


2 

40 

Partial (about V_ to % complete) 

1 250 

1 000 

125 0 

SO 0 


3 

33 

Partial (about 71 complete) 

0 625 

0 563 

111 1 

90 0 


4 

33 

Partial (about % complete) 

0 625 

0 500 

123 0 

80 0 


0 

40 

Partial (about y to % complete) 

0 900 

0 700 

128 3 

77 7 


G 

40 

Partial (degree not noted) 

0 750 

0 750 

100 0 

100 0 






Average 

122 3 

82 8 

Left 

7 

43 

Partial (about yj complete) 

0 750 

0 400 

187 3 

53 3 


s 

35 

Complete 

0 750 

0 563 

133 2 

75 0 



Undetei- 







9 

mined * 

Complete 

9 750 

5 000 

193 0 

31 2 



Undeter- 







10 

mined * 

Partial (about 7 } complete) 

11 880 

5 020 

236 6 

42 2 


11 

30 

Complete 

9 750 

1 450 

672 4 

14 6 


12 

30 

Complete 

7 500 

0 813 

923 0 

10 8 






Aieragc 

,.91 3 

41 2 


* Pnellmotl]o^^x induced by smill opening in pleura and closed after several inspirUions 


the difteient animals Except for experiment 1, table 2, in Avhich the 
small amounts of nickel piesent may, because of the greatei chance of 
eiioi 111 quantitative analysis, account for the rather wide variation from 
the aveiage ratio, the lesults show a fairly satisfactory appi oximation 
to the average 

It IS also evident that the amount of reduction in blood volume of 
the compiessed lung beais no close relation to the extent of the atelec- 
tasis obtained This may he due to an uneven distribution of the air 
m the pleural space, producing a widel}-^ distributed compiession effect 
on the capillaries without evenly collapsing the alveoli in all directions 

In the lowei half of table 2, except for experiments 7 and 8, the 
left lung total!} atelectatic in most cases, shous a ver} consideiahle 
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but gieatly varying, i eduction in blood volume as compared with the 
light lung, as is evident from the change in the relative blood volumes 
of the two lungs in tavoi of the right lung In expeiiments 7 and 8, 
this change has not occuned It should be stated that in both of these 
animals the nght lung on lemoval was very emphysematous, which was 
not the case in any of the othei animals in all of the senes That this 
interfeied wuth the tiansfeience of the excluded blood from the left 
lung into the capillaiies of the right lung is possible At least, so far 
as expeiiment 8 is concerned, in which the lesult is altogether at variance 
with the lest of the series, it should be added that the heart failed 
duiiiig the middle of the perfusion and may have thus interfered with 
the transfeience of the blood excluded from the left lung into the right 
Foi it IS assumed that in collapse of one lung the total pulmonary blood 
flow IS not gieatly altered unless the right ventricle fails (Dock and 
Harrison ’) 

Hei e again, as in the first six animals, the i eduction in blood volume 
IS b)'’ no means in diiect proportion to the amount of atelectasis obtained, 
wdnch ivas complete in three of the last four animals in the series This, 
also, may perhaps be accounted foi on the basis of varying degrees ot 
intiapleural tension, causing different degrees of capillary compression 
In one animal not included in the series, the pneumothoiax compressed 
the left lung tightly against the spine and i educed its size to not more 
than one-half the volume expected in full expiiation, without producing 
mote than a few small islands of atelectasis In spite of the absence 
of atelectasis, the blood content of the left lung w'as 0 75 mg as com- 
paied with 3 43 mg in the right — a deciease in the left lung of 634 
pel cent of the aveiage normal 

The moie complete atelectasis obtained m experiments 8 to 12 was 
probably due to the introduction of air moie slowdy than in experiments 
1 to 6 The much gi eater quantities of nickel present in experiments 
to 12, mclusive, aie due to the use of a fai moie concentrated 
and possibl) , to some extent, to a more complete exsanguination o 

animal , 

The aveiage deciease in total blood volume of the 
pletely atelectatic in foui of six cases, experiments 7 to 12, me i 
IS 31 pel cent If, howevei, experiments 7 and 8 are p g,- 

aveiage deciease is 54 5 per cent Compaiison of this witi ^ 
cent deciease m partial atelectasis of the light lung gives cm 
favoi of the contention of Bruns “ that the i eduction m JO 
of the lung is dii ectly dependent on the degree of atelectasis 

Td^ W and Harrison, T R Am Rev Tuberc 10 534 I924d9-:i 
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Dock and Harrison ' agreed with Cloetta ® that hyperemia is found 
immediately folloAMng collapse, on the basis of their obser^atlon that 
tioin 52 to 58 per cent of the total pulmonar} blood rohime flows 
through the collapsed right lung during the first fe^^ hours tollowmg 
induction ot pneumothorax Ther stated that it takes a longer time 
than this for the lung to become atelectatic In our expeiiments, the 
interval between the induction of pneumothoiax and the remoral of 
the atelectatic lung after perfusion did not exceed thirty minutes and 
otten was much less, so that their defense of Cloetta’s obsei ration can- 
not be sustained The normal blood volume of the light lung in their 
expeiiments may hare actually been more than from 52 to 58 per cent 
ot the total, so that m fact these figures may represent a reduction in 
the blood rolume of the collapsed right lung 

T \BLi 3 — Effect of Absoi ption Atelectasis on Total Blood Voliune of Affected 
Lung in Tenns of Mtlligt am<; of Metallic A^icLcl 



Pnman 

Bronchus 

Amount of rietillic Xichel Mg 

Ratio 

Per Cent 


f 




Experiment 

Eigated 

In Right Lung 

In Left Lung Ri 

ght to Left 

Left to Right 

1 

Right 

0 375 

0 5C3 

cc n 

150 0 

2 

Right 

0 438 

0 750 

58 3 

172 0 

3 

Right 

1 500 

1 500 

100 0 

100 0 

4 

Right 

1 375 

1 750 

78 5 

127 2 

0 

Right 

1 188 

1 500 

79 1 

12C 3 

0 

Right 

1 000 

1 125 

SO 0 

112 5 

7 

Right 

1 125 

0 750 

150 0 

OG 0 




A\ eroge 

S7 0 

122 1 


The conclusions of Coipei, Simon and Rensch,® to the effect that 
no deciease m cnculation occuis shoitly aftei collapse, aie hkervise not 
suppoited by the results shorrn in table 2 

These obsei rations, along rvith the microscopic evidence offered by 
Cor 3 llos and Birnbaum, agice rrith Gardner’s^® pathologic studies on 
human lungs to the effect that pneumothorax pioduces a compression 
of the capillaiy bed 

The thud series of experiments summarized in table 3, deal rrith 
absorption atelectasis It rras thought desirable to compaie the effect 
ot absorption obstruction atelectasis rrith compression atelectasis, in 
ordei to eliminate the factoi of capillary compiession by extrapulmonary 
pi essure 

In ser en expei iments detailed in table 3, the totall} atelectatic right 
lung shorved a total blood volume rrhich rras only 87 5 per cent of the 

8 Cloetta, At A.rch f exper Path u Pharmakol 66 409, 1911 

9 Corper, H J , Simon, S , and Rensch, O B Am Rer Tuberc 4 592, 

1920 

10 Gardner L U Am Rer Tuberc 10 510 1924-1925 
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left, a 1 eduction fiom the normal blood volume of 46 9 per cent The 
seventh experiment m the series gives a result that is only explainable 
as an erioi, probabl} in the chemical analysis 

It appeals, theiefoie, that partial to complete atelectasis induced bv 
pneumothoiax at once reduces the total blood volume of the aftected 
lung by amounts vaiying, on an average, between 25 9 to 54 5 per cent, 
and in indnidual cases by a considerably higher peicentage Absorption 
atelectasis i educes the total blood volume of the affected lung by 469 
per cent 

In the toimei type of atelectasis the reduction is not dependent only 
on the actual amount of atelectasis obtained An additional factor is 
the amount of compiession induced Thus, in no case of total absorption 
atelectasis uas there such a laige reduction as was obtained in expeii- 
ments 11 and 12 (75 6 and 82 per cent, respectively), table 2, of the 
compiession atelectasis series Hence, the actual reduction probabh 
depends on the vaiiable factor of mtiapleuial tension in addition to 
the atelectasis per se Although the extent of the atelectasis obtained 
IS not necessai il)'’ pioportional to the amount of compression, nevei tire- 
less, the reduction in blood volume is, in geneial, greatest when the 
atelectasis is complete 

Whethei the reduction in blood volume in eithei type of collapse 
aside from the added effect of the extrapulmonary compression of the 
capillaries in the pneumothoiax type, is due to the shrinkage of the 
capillaries puiety because of alveolar collapse or to some other factor 
will be the subject of the next report In the experiments made to 
ascertain this, the technic here described will be used 

CONCLUSIONS 

1 A reliable chemical method for the quantification of the lelatne 
blood volumes of the two lungs in the rabbit is outlined 

2 This method shows that the rabbit’s right lung has a much (,reat 
blood volume than the left lung 

3 Absorption atelectasis at once reduces the total blood \olum 
the affected lung to a considerable degree 

4 Compiession atelectasis also at once markedlj reduces t 
blood volume of the affected lung, in a number of instances to 
far greater than is obtained in absorption atelectasis 
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Calculi — Ainswoith-Davis ^ reported a case of renal calculus asso- 
ciated with solitary cyst of the left kidney A man, aged 54, was seen 
two hours after the beginning of a t3^pical attack of lenal and ureteral 
colic From four to six ^^eais before, he had had attacks of pain in the 
lowei left side of the abdomen, which occurred suddenly and generally 
lasted from six to seven hours He had been fiee from attacks for the 
pieceding two years Hematuria was noted during a less severe attack 

Cystoscopic examination disclosed mild cystitis and slight swelling of 
the left ureteral oiifice A catheter was passed to the pelvis of the left 
kidney Resistance was noted at the ureteropelvic juncture and about 
7 5 cm lower As soon as the catheter reached the pelvis of the kidney, 
a flow of urine was established and the renal colic subsided The i oent- 
genogiam did not obtain a shadow indicating a stone in the left kidney 
or ureter There was displacement of the renal shadow upward b} a 
spheiical bod)' about 10 cm in diameter, which was probably attached to 
the lower pole of the kidne)' and moved with it on respiration , this bodv 
displaced the lower pait of the ureter inward and forward, causing 
marked kinking At operation a stone about 1 9 cm long and 1 2 cm 
wide w'as found in the lenal pelvis The lower half was replaced by a 
solitary c)St 

The pain subsided immediately on relief of distention of the renal 
pelvis, but no lelationship w’as found between the occurrence of the stone 

1 Ainsworth-DaMs J C Renal Calculus Associated with a Solitar\ C%st 
of the Left Kidnei, Brit M T 1 10 (Jan 4) 1930 
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and the cyst Aanswoxth-Davis stated that in the case of doubtful renal 
swelling, exploiation should always be done, as an exact diagnosis was 
impossible in some cases Renal tumois may reach a considerable size 
without being palpable if the patient is fat 


Pedioso'' peifoimed nephrectomy for tubeiculosis and found the 
lenal pelvis filled with soft calculi Calculi composed of bacteria and 
fibiin of the uimaiy tiact have laicly been observed The first observa- 
tion was made by Alaicet m 1817 or 1818, since then 25 cases have been 
lepoited As this condition does not piodiice special S 3 nnptoms, the 
diagnosis has never been made prioi to opeiation, in the majority of 
cases, calculi have been discov'^eied in opeiations foi other conditions 
These calculi, as in the case of hard calculi, may be found in any part 
ot the uiinaiy tiact In most cases lepoited, they have been present m 
the kidnev . and in a few cases in the bladdei As many as 100 concie- 
tions have been found m the kidney by Gage and Beal, 70 vveie found 
m Pedioso’s case Fevvei are found in the bladdei, geneiall) two or 
thiee, and they aie usuall) laiger Those of the kidney vaiy fiom 1 
to 4 cm m diametei , when numerous they aie faceted and have the 
appeal ance of gallstones The coloi depends on then composition, when 
thev' aie foimed of concentiic layeis of fibim and albumin they aie 


vellovvish 01 gia3nsh vvdiite, those vvdiose mteiior is of a granular or 
pulp} daik-biovvn substance aie biownish white, the coloi of the con- 
tents showing thiough the capsule Then consistence is that of wax oi 
of a baked bean, thev aie elastic and slight piessme cuishes them 
Examination of the calculi has shown that they aie composed of albumin 
fibiin, am3loid substances and man}'- bacteiia These albuminous sub- 
stances foim concentiic la}'eis like the layeis of an onion, among which 
bacterial masses are giouped, in othei cases the nucleus is foimed bi 
bacteiial masses oi by mucous filaments These calculi aie formed in 
the kidne}S in pyelitis oi pyonephiosis b}'^ bacteiial nuclei which grow m 
the penphei}'- and giaduall}'^ increase in size, by blood clots oi necrotic 
filaments loosened fiom the lenal pelvus in cases of pyehtis, or v 
111 p3 onephi osis These coagulations constitute a nutritive medium o 
bacteiia and after havung been laigel}" absoibed by them, constitute 


albuminous fiainework of the calculi 

This condition does not cause peciihai s} mptoms , patients su ^ T 
fiom it complain of S 3 miptoms similar to those of renal litliiasis 
complications The tieatment in cases m which theie is 
destiuction oi pyonephiosis is nephrectomy, if a j^a\ 

can be made and theie is no paiencli 5 miatous 
peimit the exti action of the calculi without lemoval of tie "i 

2 Pedroso Gonzalo klbumin and Fibrin Calculi of the Kid 


23 627 (Tune) 1930 
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Koll ® stated that multiple calculi in an)^ part of the kidne} , as well as 
pelvic stones, should be removed When a single small calculus in a 
cahx IS not producing any symptoms it should be left alone If bilateial 
calculi aie removed, sufficient time foi complete convalescence should 
elapse befoie the second kidney is operated on If the opposite uietei 
contains a concretion, the uieteial calculus should be permitted to pass 
either spontaneously or by the aid of oil before the lenal stones aie 
lemoved If there is doubt as to the advisability of nephiectomy, the 
kidney should be given a chance to recover, as it can ah\ a} s be i emo^ ed 
later Koll does not believe m pyelotomy as a routine proceduie Com- 
bined pyelonephrotomy oi nephiotomy alone often is pioductive of less 
tiauma and less permanent ill results Ninety-eight pei cent of calculi 
that haA'^e entered the uietei will pass either spontaneous!} oi with the 
aid of instrumentation Cutting into a ureter is not advocated, as sti ic- 
ture results in most instances, necessitating nephiectom) 

Bugbee ^ considered the large, branching type of calculus and the 
IDOssibihty of its remaining in place for a long time without causing 
symptoms and not being detected until infection takes place If AAatched 
foi a period of years these stones seem to change little and the patients 
get on fairly comfoitabl} He cited one instance m aaIucIi a loent- 
genogram revealed a stone of this type After three } eais the loentgeno- 
giam showed that the same calculi were present and weie the same size 
as m the previous roentgenogi am The patient is leading an actne life 
and appaiently is m good health 

Pennock ® considered the type of microscopic stone that is lespon- 
sible foi hematuria These cases of essential hematuria have piesented 
an enigmatic problem Bauei was able to demonstrate small calculi m 
many cases aftei much difficulty and the study of numerous sections 
He demonstrated minute calculi which he beheAed Avere the etiologic 
factoi m a case legarded as essential hematuria m Avhich the kidney AA^as 
removed because of persisting bleeding AAfirich pioduced secondary 
anemia The kidiie} A\^as apparently normal Repeated sections gare 
normal results One bundled tAventy-fiAe sections of the kidneA AAere 
made before microscopic calculi Avere found aa'IiicIi Avere belicAed to be 
the etiologic factoi in the hematuria He latei piOAed the presence of 
calculi 111 sereial other cases 

Ca'v/t — H eplei “ stated that large, usually solitary, CASts of the 
kidneA aie acquiied TIica are not a distinct entit} AAith a common 

3 Koll, I S Conser\atisiTi in Urology J Urol 23 5S1 ('Ma\ ) 1930 

4 Bugbee II G , in discu'i'^ion of Lew i<;, E , and Gra\ son C I Urol 23 13 
(Jin') 1930 

5 Pennock W J , m di‘:cn-«ion of Lewis and Gra\son (lootiiotc 41 

6 Hcpler \ B Solitar\ C%sts of the Kidne\ Sure Gvnec Obst 50 O'l'J 
< April! 1930 
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etiology Recognized pathologic conditions of the kidney cause them 
but only when so situated as to produce a combination of gioup tubular 
obstiuction and anemic degeneiation of the parenchyma from circu- 
latoiy disturbances in the same segment of the kidney In some 
instances an additional factor is repeated, prolonged hemorrhages into 
the same area This conception explains the variation in size, number, 
contents, wall of the cyst and associated renal conditions on the basis of 
variation of the direct etiologic factor, the amount of group tubular 
obstruction and the area of nutritional distuibance depending on the 
size and distiibution of the vessels involved Among the clinical and 
pathologic features of large lenal cysts which lend support to this 
h5^pothesis are 


1 The average age of 45 years, a period when vascular lesions, such as 
arteriosclerosis, endarteritis, aneurj'sms, infarcts and acquired lesions, such as 
tumor, are common 

2 The rather frequent association of these cysts with lesions which might pro- 
duce the conditions assumed to be necessarj^ for their formation 

3 The presence of groups of atrophied glomeruli and tubules in the wall of the 
sac, indicating its origin from renal parenchyma which has undergone compression 
atrophy with substitution by connective tissue 

4 The presence of remnants of neoplasm in the walls of many of the hemor 
rhagic cysts as the only indication that a tumor was concert d with their 
formation 


Finally, by ci eating expei imeiitally the conditions assumed to be 
necessaiy for the foimation of cysts Hepler stated that he was able to 
lepioduce a large sohtaiy cyst similai in eveiy detail to those found m 
the kidney of man 

Glove’’ stated that m most of the reported cases of solitary serous 

c}sts of the kidne)'’, uiinaiy symptoms, if present, were slight Atten 

tion is drawn to the genito-unnaiy tract by the presence of a palpa e 

mass in the abdomen, or as a result of exclusion of the kidney as a source 

of the lesion As these cysts do not communicate with the calices or 

lenal pelvis, p)relogran'is usually do not show distortion of the pe 

unless the C3^st is large enough to bulge into it If the c)^st is at the upp^^ 

pole, it may, by its weight, push the kidney down, producing 

Displacement of the kidney may produce various defoimities o 

til eter which may cause symptoms referable to the urinary tract 

Glove leported a case of sohtaiy cyst of the kidney whici va 

enough to produce symptoms of pressure referable to 

tmal tract Functional and cystoscopic studies did not revea ^ ^ 

abnormal Although the cyst was large, it was possi e ° ^ 

paitial lesection and save a large portion of ^ 

kidney Such tumors are not uncommon, as noted by pa lo 

— , , ^ , T Tirol 23 661 

7 Grove, J S Solitary Serous Cysts of the Kidne) , J 

1930 
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Polycystic disease of the kidney is extiemel) uncommon in childien 
Wakeley® noted the laiit} of unilateral occuirence He lepoited the 
case of a boy, aged 20 months, seen on Apiil 6, 1929, nith a laige 
abdominal tumoi, which was first noticed by the child’s mothei a few 
months aftei biith The child was the thud of the family, the other 
childien were noimal Examination revealed a large, smooth tumor 
which occupied the whole light side of the abdomen and extended up 
toward the maigin of the liver and across the median line The tumor 
was firm and felt like rubber The uiine was noimal except foi a few 
eiythiocytes and pus cells Renal function was normal Nephiectom} 
was peifoimed on April 22 through an anterioi incision, vith lemoval 
of the large tumoi The opposite kidney was examined and tound to 
be apparently noimal Convalescence was uneventful, the child gained 
lapidly and left the hospital on May 5 When he was last examined 
the disease had not developed in the opposite side 

The tumor measuied about 18 b}' 12 cm and weighed 1 6 Kg It 
was lemfoim with definite cystic dilatations on its surface The pelvis 
of the kidney was definitely dilated On section, noimal lenal tissue 
could not be seen The kidney contained numeious cystic spaces vaiying 
consideiably m size Some of these spaces contained fluid, otheis con- 
tained a colloid substance The stiucture of the kidney had been com- 
pletely leplaced by the cysts The type of epithelium lining the cysts 
showed coiisideiable vaiiation, in some it was definitely columnai, with 
laige resiculai nuclei situated toward the base of the cells In othei 
c) sts, including the smallest, the epithelium was flattened and the cells 
lesembled endothelial cells All intei mediate Epes of cell veie piesent 
In all C) sts the epithelium was only as thick as a single cell The stroma 
was loose and fibrous, showing aieas of hyaline degeneiation Hemoi- 
ihage, mostly recent, had occuired Some pigment was piesent chlefl^ 
within phagocytes The stroma also showed aieas of infiltiation with 
inflammatoiv cells including large numbeis of plasma cells 

Hydatid Di}>ca^c — Lee-Biown® stated that the diagnosis of a renal 
h\datid depends on the plnsical signs and sjmptoms, the chiet of winch 
lb the piesence of tumor If the cysts ruptme, with absoiption ot a 
considerable amount of antigen geneial symptoms of h)datid anaph^- 
laxis ma} be piesent The condition of the mine depends on vhethei 
the h}datid is open or closed In the closed varlet^ hematuria ma} 
occui onh occasionalh In the open t 3 'pe vith infection supei imposed 
booklets scohces small daughter cvsts and pieces of laminated mem- 
biane ina\ be found P^eloglaphlc eridence is of special significance 

S \Vakele\ C P G ^ of Unilateral Poh c\ “^tic KKlne\ in a Child 

Brit T Surit 18 162 (Tuh) 1930 

9 Lee-Broi\n R K Rcml H\datid Di'sca^e T Urol 23 611 (Tine) 1930 
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In long-standing cases deposition of lime salts often occins in the 
thickened adventitia Tins deposit of calcium rendei s the adventitia 
imperMous to roentgen rays and casts a chai actenstic shadow Such 
calcification occurs only occasionally and cannot be expected in eveij 
case Roentgenograms do not offer much diagnostic aid earh in the 
disease, but the py^elograni, except in a small peicentage of cases sup- 
plies evidence, depending on whether the hydatid is open or closed In 
the event of closed hy^datid, the evidence pioduced will be similai to that 
of a localized tumor obliteiatmg a portion of the pelvis 

The tieatment foi hy^datid disease in general is essentially suigical 
Theie is no diiect blood supply to a hydatid cyst and it depends entiieh 
on osmosis foi its nutiition The eailiest suigical treatment was the 
aspiration method, consisting of the intioduction of a hollow needle into 
the cist and withdiawal of the fluid this method it was hoped that 
collapse ot the C 3 ^st would occur and be folloived by fibious degeneiation 
The opeiation failed to produce the desned lesults, and complications 
frequenth lesulted which called for moie radical measuies Punctiiic 
of the cjst often peimitted escape of hydatid fluid into the suiiounding 
tissues, and in this way scolices escaped and latei developed into secon- 
dary daughtei cysts If much fluid escaped theie was grave danger that 
anaphylactic shock might result Infection often lesulted fiom punctuit 
of the C} st m spite of rigid aseptic technic, and frequently incision and 
drainage weie necessary’’ The suigical measures now employed depend 
on whethei the disease is confined entiiely to the kidney or ivhether it 
extends be\ond the kidney’’ into the adjoining tissues Nephrectomv is 
the opeiation of choice m all cases of renal hydatid and in the majorih 
of "closed” cases Theie are two exceptions to nephrectomy in closed 
cases of hydatid disease (1) if the cyst is small and confined to one 
pole of the kidneyq paitial nephrectomy’’ might be considered, and (2) it 
the cy’st is calcified, which means activity has ceased and the remainiiij, 
lenal tissue is worth conserving, theie is no object in suigical lemoia 
If there is one laige simple and adherent mother cyst, in winch gioss 
infection is not piesent, it is exposed through the loin and aftei care u 
packing oft, a tiocar attached to a suction apparatus is introdncec at ^ 
the fluid content withdrawn Followmig this, alcohol or a 
foimaldehyde (10 per cent) is introduced, slighth less in qimntitr * 
the amount of Itydatid fluid withdrawn This is left in place or 
four minutes m order to devitalize the parasite The alcoho or 
dehyde is then withdiawm, the cyst is incised and the contenfi 
of daughter cy’sts, laminated membrane, brood capsules an ^ 

1 emoved The cyst having been completeh emptie t le i 
swabbed out with alcohol, the cy’St is closed wnth catgu su ^ 

collapsed wall is sew’ed to the deep aspect of the the 

rubbei tissue chain is intioduced dowm to but not into i 
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wound IS closed in the ordmar)' Avay The rubber tissue drain is 
employed because of the effusion that invariably follows evacuation of 
the cyst 

Ectopy — CampbelP® leported a series of 27 cases of renal ectopy 
observed in 13,0(30 postmortem examinations, with a brief consideration 
of the anatomico-chnical features of ectopy The condition occurred 
once in about 660 cases The anomaly is sufhcientl}" common and is so 
potentiall)^ serious clinically as to Avarrant grave consideration The 
technical difficulties of surgical intervention are usually extreme in the 
tieatment of low ectopic kidneys, and are due not only to the site of 
the organ but to the congenitally short ureter and short, anomalous 
vascular supply If a senousty diseased kidney is low in the pelvis and 
the remaining kidney is functional!)'' competent, nephrectomy is the treat- 
ment indicated since it is anatomically difficult or impossible to accom- 
plish extrapentoneal diainage of these organs, and transpentoneal 
drainage usually results in peritonitis In none of Campbell’s series was 
lenal ectopy a direct cause of death 

[Ed Note — C ampbell, in 1929, reviewed fifty-five cases of ruptuie 
of the bladder from the Bellevue Hospital His conclusions in general 
agree with those of de Tainowsky The diagnosis of rupture of the 
bladder is not always simple Shock is common Pam m the lower 
pait of the abdomen, ivithdiawal of a variable amount of blood-stained 
mine by cathetei (often more confusing than helpful), cystoscopA, 
pneumoioentgenogiaphy oi air cystography may help m diagnosis A 
histoiy of tiauma Avitli an OA'erdistended bladder and the inability of the 
patient to void, except in small amount at times and Avith strangury are 
salient featuies in the picture Evidence of peritonitis or peritoneal 
nutation Aidien the luptuie is mtiaperitoneal and the finding of pie- 
A^esical periA'esical, peiiiectal or subcutaneous urmarA" extraA'asation in 
the abdominal Avail or peimeum aie of diagnostic import From a 
suiA'CA of case lepoits it is easy to understand AAhy it is often difficult to 
aAoid delaA in propei surgical tieatment 

Ruptuie of the bladder is almost alAAaAS associated AAith tiauma, it 
IS a fiequeiit occuiience AAith alcoholism, at times AAith pieexisting 
vesical disease, but probabh is raie A\uth simple distention The condi- 
tion IS often accompanied by othei tiavimatic lesions such as rupture of 
the spleen liA'er or kidneis oi Iw fractuie of the pehus 

Immediate operation is indicated If possible, the luptuie should be 
exposed and sutured Campbell adiised suprapubic drainage of the 
bladdei Aiith a laige rubbei tube Preiesical or culdesac drainage or 
the use of the catheter a demeure as recommended b\ de TarnoMsk) 
lie considered b) Campbell as inferior to suprapubic cistostomi The 


10 Csnipbcll M r Rernl Ectopi T Urol 24 187 ( \uv: ") 1^30 
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condition is to be legaided as an emeigency, as each houi of delay brings 
a risk of increased moitality Twenty of the fifty-five patients leported 
by Campbell as having lecoveied weie all opeiated on Both authors 
urged that when the diagnosis of vesical luptuie is established or 
stiongly suspected, abdominal exploiation be made as an emeigency 
piocedme ] 

Deming studied fifty-five cases of nephioptosis The excursion of 
the kidneys vaiied from 4 to 12 cm , the average being 5 5 cm In 51 
per cent of the cases ptosis occmied m the light kidney, in 11 pei cent 
in the left kidney and in 19 per cent it was bilateial , in 7 per cent of the 
cases general visceroptosis was present Twenty per cent of the kidneys 
were rotated thiough one or more planes up to 180 degrees This 
ohseivation, Deming stated, is important m correcting the position of the 
kidney at operation The function of the ptotic kidney is rarely modi- 
fied Thiity-three per cent of the kidnejs were infected with Bacillus 
coh, most of the pelves which were infected had a slight increase in 
capacity, although onl)^ 7 per cent had more than 20 cc , 66 per cent had a 
normal pelvic capacity In all of the cases kink, stricture oi tortuosity 
of the meter was piesent, in 80 per cent kinks weie found, in 50 pei 
cent tortuosity and in 13 per cent strictme Deming noted the symptoms 
of the ptotic kidney as mainly pain, acute and chronic, due mostly to 
obstruction of the meter 

In perfoimmg nephropexy, Deming begins the incision high in the 
costovertebral angle, continuing it downward and transveisely acioss, 
halfway between the lower rib and crest of the ilium, incising portions 
of the external and internal oblique muscles in most cases Appioach to 
the kidney is made thiough the triangle of Petit The fatty capsule is 
opened, and the kidney which is usually low-lying is easily recognized 
The hand is inserted under the liver to the diaphragm The kidney can 
then be replaced sufficiently high to remove all kinks and most of tie 
tortuosities of the ureter A series of inteirupted chiomic mattress 
sutures no 0 are then placed through the perirenal fascia and peritoneum 
to the quadratus muscle From five to eight sutures are necessar) o 
close this aperture, they form a basket-slmg for the kidney so tiat i 
impossible foi the oi'gan to descend This row of sutures is 
enforced by bringing up all the extraperitoneal fat and sutunng i 
two or three mattress sutures to the quadratus muscle beow i 
line of sutuies The patient is kept flat in bed for sixteen ajs, ^ 
out of bed on the eighteenth day and home on the twenty- rs 
second da)’^ None of the patients had complications an 
weie completely relieved of the sjmptoms 

11 Deming, C L Nephroptosis Its Relation to the Lner, SpI ^ ^ 

and Its Correction by Means of a New Operation, Am J 
1930 
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Hyd] oiiephi osis — Legueu and Fe)”- stated that distention of the 
lenal cavities, the characteristic lesion of h} dionephrosis is the lesiilt 
of two agents, dilatation and retention Dilatation is an anatomic lesion 
of a static and steadj’- nature Retention is a ph^ sicopathologic lesion and 
arises from poorly pei formed functions of the pyelo-ureteral muscle 
Although an evident anatomic lesion is found, one must make ceitain 
before admitting its pathogenic action, that it is a first cause of retention 
and not a secondar} deformation connected with the developments of 
the dilatation Ceitain aspects of pjelograi^h} and ureteiogiaph} faAor 
the mechanical tlieoi) It is necessary to asceitam definitely that these 
defoimations aie permanent and do not correspond to normal and 
phvsiologic conti actions Observation b} p3"eloscopy in the majority of 
cases demonstiates that there is neithei arrest nor dela} of the eradia- 
tion of the opaque medium Hydronephrosis from mechanical reasons 
seems uncommon and can hardl)'^ be accepted except in cases in rrhich 
catheterization is impossible The congenital theory would be a struc- 
tural abnormality, incompetence of the pyelo-ui eteral muscle There aie 
some unquestionable cases of hydronephiosis those in which the lenal 
appaiatus discloses morphologic malfoimation but it is difficult to place 
in this group the majority of cases of pelvic retention The existence 
of functional retention is proved the manj cases in which there is 
retention without any congenital lesion or mechanical obstacle Such is 
the case with slight hydronephiosis characteiized hr retention without 
dilatation This functional letention is connected with impaired action 
of the excietoiy appaiatus, the variations of which can be studied br 
phjsiology and pj'eloscop^ Ceitain experimental and clinical operatne 
facts tend to substantiate this theorj Excretion is assured Iw the func- 
tional synerg)" of several muscular actions, which are pelvic conti actions 
culminating m the formation of a bulb, a p) elo-ureteral sphincter action 
that conti ols the filling and evacuation of the uretei peiistaltic contiac- 
tion of the uietei, a uretei ovesical sphincter action that protects the 
uietei against the back piessure in the bladder during urination 

Clinical diagnosis depends on the chaiacter of lenal pain The most 
typical pain is renal colic connected with a spasm of the pehic muscu- 
laiity entailing a crisis of acute retention The diagnosis can be made 
only after complete roentgenologic examination 

Opeiative tieatment is based on the pain on the piesence of infec- 
tion, on the dilatation and on the degiee of chionic retention If opera- 
tion IS decided on some lmpro^ement is obtained In catheteri/ation of 
the uretei If opeiation is performed Legueu and Tex carefulh look 
foi causes that piovoke the phenomena nt excitation and inhibition 

12 Legueu F mtl Fe\ B H\ clronepliro';i' Rril 1 L rol 2 111 rTiine') 
1910 
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clistiubing excietion Nepliiectomy is peifoimed exceptionally, keeping 
in mind the \oIume of the sac, its infection, the condition of the remaiiv 
ing paienchyma, and the tonicity and activity of the cahces and meter 
vdiich aie exploied in the course of the intervention In other cases 
two er entuahties occin If it is possible to detciinine the lesion causing 
the letention, this cause is lemoved, no complementary piocediiies being 
used , if It IS not possible to deteimine the cause of the retention, neplno- 
pexy, lenal inteivention oi temporaiy nephrostomy is performed 

Eisendiatity® lepoited a case in which the obstruction of the lenal 
pehis was due to the lowei of 2 mam lenal arteiies Although cases 
of obstiuction of the lenal pelvis by branches of a mam renal arteiy 
have been lepoited, Eisendiath’s case is the first to be repoited of 
obstiuction by 1 of 2 mam renal aiteiies He advised against ligat'on 
of a polar aitery, because of the dangei of necrosis of the aiea supplied 
by such a vessel, the same being tiue of ligation of 1 of 2 mam lenal 
aiteiies The fiequency of the vaiiations of the renal vessels which 
aie of clinical impoitance was leviewed Lower polar aiteries from the 
aoita weie found in 5 pet cent of 1,337 lcidne 3 '^s, and 2 mam renal 
aiteiies weie found in 112 pei cent of 1,319 kidneys by A^aiious obseiv- 
eis Abnoimal mobility of the kidney, as pointed out by Mathe, plays 
the most impoitant pait in favoiing obstruction by a polai aiterv or by 
1 of 2 mam lenal aiteiies 

Walteis^^ stated that the causes of hydionephiosis consist foi the 
most pait of anomalous blood vessels, usually an arteiy and a vein 
which cross and change the angle of uretei opelvic drainage, with the 
possible inteifeience of uieteial peiistalsis by pulsation Unless seaich 
IS made for these vessels as they cioss the ureteropelvic juncture, the\ 
aie easily overlooked With these vessels, it is usualty found that angii 
lation of the meter at the ui eteropelvic juncture by the renal pelvis or 
peiiienal pelvic connective tissue has occurred which, with dilatation o 
the lenal pelvis, pioduces uieteial compression In some cases tie 
absence of demonsti able obstiuction m the presence of large i) 
nephrotic sacs suggests distuibances of neui omuscular contro o 
lenal pelvis and uppei pait of the meter If an anomalous 
compressing the meter at the metei opelvic junctuie, thus c 
comse and mterfeiing with piopei emptying of the pelvis, an i 
additional blood supply is sufficient, the anomalous vesse ® “ 
divided If, however, as a lesult of this t 3 pe of obstruction, 
lenal pelvis is consideiabty dilated, it is lesected to witim 

13 Eisendrath D N Hydronephrosis Due to f jS 

Pelvis by One of Two Mam Rena! Arteries J Uro jronephro is 

14 Walters, Waltman Resection of the 3^930 

Its Complications and Results, Surg Gjnec Obst '' 
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the renal substance, leaving the uretei attached to its dependent poition 
Closure ot this opening in the pelvis removes the hydi onephrotic sac 
and changes the course of the ureter, and its opening becomes dependent 
In the cases in which this was done, nephiopexy was also performed to 
pi event fuither ureteral angulation In some cases temporal \ nephros- 
tomy was done also, to relieve pressuie on the suture line If for am 
leason there is a question of inadequate blood supph from the remaining 
vessels to the kidney, circulation in the anomalous vessels should not be 
obstructed, paiticularly if the opposite kidney shows any abnoimaht) of 
function Such obstiuction existed in one case in which there was a 
large hydronephrotic sac on both sides In such cases the dilated extra- 
lenal pelvis is resected, or the uretei is leimplanted into the dependent 
poition of the pelvis away from the anomalous vessels In seveial cases 
of h} dronephrosis m which nephrectom} was necessary because the kid- 
ney was largely destioyed, compiession angulation and obstruction of 
the 111 eteropelvic juncture occurred as a result of a dense sheath of 
connectne tissue 

Resection of the hydi onephi otic lenal pelvis was done in one case m 
which theie was no demonstiable cause for the obstruction The dilated 
poition of the left hvdronephrotic pelvis was excised and the meter was 
severed fiom the pelvis and reimplanted into its dependent portion 
Removal of the ureter from its lateral attachment to the hydronephrotic 
lenal pelvis and its reinseition by sutuie to the dependent portion of 
the pelvis away from these anomalous vessels is indicated if the anom- 
alous vessels ciossing the ui eteropelvic juncture are of such size and 
.mpoitance that their division and ligation seem inadvisable 

Walteis expiessed the opinion that postoperative complications cen- 
tei around (1) leakage of mine at the point of anastomosis with peri- 
lenal accumulation, (2) letention of urine in the kidne\ , leading ta 
P 3 elonephiitis oi cortical abscesses in the kidne} , and (3) ureteral 
obstiuction at oi below the pehic incision wuth a peisisting urinai} 
fistula fiom the pelvic anastomosis In ele^en cases of h} dronephrosis 
lesection of the lenal pelvis ivas performed In eight cases ('nine resec- 
tions) the lesults of opeiation Avere excellent In four of these cases 
Indionephrosis Avas bilateral, and the lenal pehus AAas large and infected 
Bilateial resection A\as performed in one case In three additional cases 
ot bilateral Iia di onephrosis successful resection of one h\ dronephrotic 
itnal pehis AAas performed In three cases in aaIiicIi resection of the 
lenal pehis AAas perfoimed secondarA nephrectoim A\as required due 
to (1) persistent uiinarA fistula fiom occlusion of the ureter Ija post- 
ojieratiAc infection aiound the ureter and ( 2 ) pi elonephritis A\ith cortical 
abscesses m two cases in which urine AAas being transmitted succcssfulK 
from the resected renal pehi^ to the bladder through the ureter Complete 
itcoAcrA lolloAAed nephrectoim 
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CoMsa divided hydionephiosis into two mam gioiips that due to 
causes ot a mechanical natme and that due to causes of a dMianiic 
natuie Among the causes of a mechanical order aie included all 
01 game lesions, congenital oi acquned, such as tumors, inflammatou 
piocesses foieign bodies, naiiowness, bends and valvulai foimations 
which acting eithei fiom inside oi fiom outside of any pait of the 
uiinai) tiact place difficulties in the way of noimal excietion of mine 
Undei d>namic hydionephiosis mav be giouped all cases in which no 
appieciable oigamc cause exists to which the development ot ludio- 
nephiosis can be attiibuted Its causes aie sometimes piocesses oi a 
toxic mtection, of inflammatory infiltiation of the walls of the uietei, 
or of distui bailees of the neivous svstem Modem pyeloscopic exploia- 
tions and the expeiimental woilv of many mvestigatois have demon- 
stiated that peiistalsis of the pelvi-ui etei al muscle can be modified b\ 
motoi distui bailee and bi distuibance of tonus Motoi distui fiances 
can be excessive oi defective If excessive, they produce a lupeiknietic 
syndiome chaiacteii/ed pi eloscopically b} a iiioie lapid emphing of the 
pehib than noinial The} give use to an incomplete letentioii suidioiiie 
wdiich is levealed p} eloscopically b\ letarded evacuation These motor 
changes aie manifested chmcall} by painful spasmodic enses, and aie 
chaiactenzed b\ the absence of dilatation of the pelvis 


The tieatiiient foi hydionephiosis can be eithei ladical oi consei va- 
tu e The ladical tieatment is neplii ectoniy , the conseivative is neplnos- 
tomi , pielotoni}, nephiopexy denervation of the lenal pedicle cutting 
of the abeiiant vessels and v'^aiious plastic opeiations Whenevei con- 
sen atne tieatment is possible it should be used In inanv cases con- 
sen ative plastic opeiations should be combined to bung about a more 
perfect theiapeutic action, in all cases complementan nephiopen 
should be practiced to coiiect the mobility of the kidne} caused In tie 
measuies employed foi isolating and bunging it to the surface 

[Ed Note — The present tenclenc} of uiologic suigeons is to emplo 
the most conservatu^e methods in the tieatment foi renal lesions u i 
ev^ei such measuies aie compatible with satisfactory results It is 
joossible to utilize the less radical piocediiies, with the consequent S‘ 
of functioning lenal tissue, sufficient in some instances 
These procedures are especially applicable in lesions suci as i < 

h} dionephiosis White in a study of tlie 

commonest form of the disease was that in which oi 

kidneys began at the ui etei opelvic junctme In a ^inidoiifitedb 

his cases, which weie identified in earh life and whici r jjjtionb 

congenital the disease was bilateial Usually tie is 

, , prlt T ^ 

15 Covisa, I S Etiolo?v and Treatment of Hi dronep irosis 

2 133 (June) 1930 
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aie 111 adult life The eailiest cases show nan owing of the uietei fioni 
chionic inflammation, which appeals to be the cause of the dilatation 
In all cases p}ehtis and moderate chionic mteistitial nephiitis aie asso- 
ciated Papin stated that m the suigical tieatment foi h) dionephiosis 
two exti ernes should be avoided the essentially smgical and the ladical 
Nephioiiexv selves satisfactoiily if the uietei is kinked and is unsatis- 
tactoiy m cases m which small congenital dilatations aie piesent j\Iei- 
ciei concluded fiom his expeiience with the etiology and tieatment of 
h 3 ^dionephiosis that most cases aie pioduced b) pelvic or uietei al mem- 
bianes and by loweiing of the kidney fiom 1 to 2 cm fiom some unde- 
tei mined cause He stated his belief that nephropexy is the logical 
opeiation foi some tipes of hjdronephiosis because it leestabhshes the 
noimal position of the pelvis towaid the meter Mai ion obtained good 
lesults m ti eating a numbei of patients for hydionephiosis by hbeiating 
the uietei at its supeiioi position and fixing the kidney as high as possi- 
ble He stated that some cases aie not due to nan owing of the ureter, 
but to extieme fixity to the suiiounding cellulai tissue and to slight 
ptosis of the kidnev ] 

Pvclovenous Backflow — Fuchs lepoited on p\elovenous backflow 
If one injects fluid into the uietei of a human being oi into the kidney 
ot an animal aftei lemoval, the fluid often flows out b^ waj of the 
lenal veins because of a diiect connection between the vasculai system 
and the uppei poition of the lenal pelvis An attempt to establish the 
piactical significance of this phenomenon has been made thiough animal 
expel iments The exact pait that the pyelovenous backflow plays in 
pathologic changes m man is the specific object of Fuchs’ papei 

A shoit suivey of the hteiatuie, fiom the fiist obseivations of Gidon 
(1856) up to the piesent was given Some of the moie important points 
legal ding pyelovenous backflow given by diffeient authois weie consid- 
eied Among these weie 

1 The fate of fluid foiced under piessure into the renal pelvis thiough the 
ureter E\perimental eMdence has shown that such fluid is found in all tissue 
elements of the kidneys chiefly in the Ivinpli spaces and blood \essels, especiallj in 
the leins, and least in the uriniferous tubules 

2 The mechanism of the passage of fluid from the renal pelvis into the leins, 
as veil as into the fimph vessels and uriniferous tubules Summing up the 
experimental and anatomic data, it may be said that pvclovenous backflow is accom- 
plished b) direct communication between the pelvis and the venous sv stem initiated 
b^ rupture of the renal pelvis 

3 The pressure necessary to produce pyelovenous backflow According to all 
in\ estigators this pressure is exceptionally small No difference was found m the 
required pressure of kldne^s of cada\erous and In mg animals 

16 Fuchs Felix P\elo^enoser Reflux und Hvdronephrose, Deutsche Ztschr 
f Chir 224 353 (June) 1930 
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Fuchs also leviewed lus investigations on the kidnevs of human 
cadaveis Notwithstanding ceitam well lecognized differences between 
the intraienal topogiaphy of the kidneys of mammals and of man, theie 
aie significant analogies m the pyelovasculai mechanism The place ot 
pyelovenous backflow is at the apex of a minor calix, called the foini\ 
calices 111 the kidne} of man Fuchs has shown by means of a maceiated 
piepaiation the i elation between the fornix calices and the A^enous 
plexus of the lenal sinus He found thiee fourths of the circunifeience 
of the foinix calices often suiiounded by a venous plexus It is thus 
clear that the venous ciiculation in the calix must sustain consideiable 
injuiy in the event of expansion of the calix The lenal pehis is 
legal dec! as the stiongest ductile segment of the uppei uiinaiy passages, 
wheieas the paienchyma of the kidney lacks extensive ductility It is 
appal ent that the line of sepaiation between the weak and stiong pads 
of the pelvic cavity is at the point of insertion of the calix in the paien- 
clnnia of the kidney, namely’’, at the fornix calices This is the place of 
piedilection foi luptuie m inteinal piessuie Foi the pm pose of obseiv- 


ing the conditions of luptuie of the venous system fioin injected fluid 
Fuchs injected a 20 pei cent solution of sodium biomide into noimal 
kidneys of human cadaveis of diffeient ages, as fiesh as possible The 
injections weie watched fluoi oscopically The passage of the fluid fiom 
the pelvis into the venous channels was accurately noted The same 
phenomenon was studied by'- means of the coiiosion method, in which 
celluloid dissolved m acetone was injected into the uretei until the mass 
appealed at the stump of the lenal vein By this method it w’as shown 
that the veins w'’eie filled by exti aAmsation from the fornices calices hi 
spite of these obseivations, it was not deal whether the fluid that left 
the pelvis at the foinix calices actually’’ entered the suiiounding lem 
stems, and much less clear why’’ this should be the case Answ'ers to 
these cjuestions weie obtained by fuithei and moie minute study of tie 
anatomic lelations of the A’enous system of the kidney It was ottnc 
that an ailificial peiivenous space was cieated when the veins w«c 
ioiced away^ fi oni the adjacent lenal parenchyma by the , 

fluid fiom the luptuied fornix calices This foiceful separation o 
vein stem fiom the pai enchy'’raa caused sti etching and ruptuie 
many small A^enules emerging fiom the parenchyma to enter 
These luptuied venules thus peimitted diiect communication 
jiassage of the exti aA’asated fluid fiom the peiivenous spaces 
veins It is piobable that other forms of extiavasation, suci a 
sulai and smus-hilai exti avasations, which aie considerab v e 
than py’elovenous backflow’, also lesult from the ° flic 

leading to the I'-aiious types of A’eins found m close oieloicnoiis 

leiial pelvis A numbei of investigators have ^5 oj the 

backflow to diiect penetiation of the papillan due p 
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papillae Fuchs, although unable to demonstiate this himself, admitted 
Its possibility in lare instances and then onl) at a very high pressuie 
The piessure at which pyelovenous backflow occurs and whether oi not 
such pressures occur spontaneously are of significance It is shown that 
in renal colic there is an increase in mtiapelvic pressure of the kidneys 
and that this pressure is of the same nature and actually exceeds that 
produced during pyelogiaphic filling of the pelvis The question is 
whethei these highei piessures cause pvelovenous backflow There are 
two wa}S by which it ma} be showm w'hen pyelovenous backflow occurs 
in human beings direct obseivation by p 3 elograph) and the leaction of 
the organism to increases in pressure m the renal pelvis due to artificial 
oi spontaneous causes If pyelographic injections are done carefully 
they aie stopped as soon as the patient complains of pain The abnor- 
mal shadows sometimes seen about the cahces in pjelograms represent 
the initial stages and not the actual pyelovenous backflow^ as studied 
experimentally Of more piactical significance is the greatei pressure 
produced in the renal pelvis during attacks of colic In such attacks 
symptoms of injection are common Fuchs stated “The septic fever 
cLiive m the tempeiature course of patients with congestion and infection 
of the uiinary passages should always be considered as the clinical 
expression of pyelovenous backflow’^ waves ” Attention is called to the 
fact that ruptuie of veins occuriing in pyelovenous backflow maj be the 
souice of hemorrhage in such conditions as intermittent hydronephrosis 
and colic associated wnth pelvic oi ureteial calculi It is possible that 
pjelovenous backflow^ may open the w^a^ for ascending infections ot the 
paienchjma of the kidney 

Swgical Complications — Schw'arz stated that renal complications 
are among the lelatively rare but clinicall}’’ important sequelae of opeia- 
tions The four basic foims may be differentiated (1) disturbances in 
function, (2) inflammatory, noninfectious diseases, (3) infectious dis- 
eases and (4) the effects of changes in the efferent urinaiy passages 
of the kidney Postoperative disturbances of the function of the kidne\" 
aie transient, but may also lead to death They may be produced bA 
inhibitoiy reflexes which originate in the other kidney or in the bladder 
In some of the cases in wFich the postoperative fatality is sometimes 
attiibuted to the shock of the operation, the cause is masked uremia, 
for this reason, a test of renal function is alwajs made before ever} 
major opeiation Postoperative, inflammatory noninfectious diseases 
of the kidney m the foim of simple degeneration, nephiosis or eien 
nephritis are usually attributed to the anesthesia but m general it ma} 
be said that the effect of the anesthesia, especially since chlorofoim is no 
longei in common use, is markedh overestimated 

17 Schwarz, Oswald Postoperatne Kidne\ Complications Am J Siirg 8 
1206 dune) 1930 
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The intectioiis diseases of the kidney, owing to the fiequency ot 
their occuiience, demand by far the gieatest amount of consideiatioii 
Uiethiitis, cjstitis, nieteiitis, pyelitis, pyelonephiitis, abscess of the 
kidney and p>onephiosis aie merely diffeient localizations and, iindei 
certain conditions, diffeient stages of the same disease process One 
sees cases in which the entiie ininaiy tiact is actually attacked by the 
infection Foimeily the colon bacillus was almost exclusivelv blamed 
(90 pei cent of the cases) as the evciting geim, but moie lecent investi- 
gations have shown that cocci of A^aiions types aie constantl}' gaming 
gieatei significance m the hematogenic infections, and paiticulaiJy m the 
sequelae of opeiative inteiventions 

Schwaiz expiessed the opinion that the indispensable pieiequisite 
foi infection of the pelvis of the kidney is motor insufficiency with or 
without dilatation of the caliv-i enal-uretei tubule, also that the diag- 
nosis of "chionic p 3 elitis” as an independent disease pictuie is ahvais 
wiong He stated that the chionic snppuiation oiiginating in the pelvis 
of the kidne}'' is never an independent disease, but alwajs meieh a s}iiip- 
tom and that the aim of the diagnosis is to determine what the factors 
aie that pi event this tendency to spontaneous healing of the inflainnia- 
tion and favoi chionicity Two pathologic factois enter into considera- 
tion at this point the dilatation of the lenal pehis mentioned and the 
infection of the lenal tissue itself Schwaiz expressed the belief that 
infected lesidual uiine m the pelvis of the kidney is the primal} cause 
of the chionicitv of lenal pyiiiia, the second cause is the pyelonephiitis 
He fuithei stated that eveiy uiologic disease having its onset with seiere 
clinical symptoms, including a high tempeiatuie and chill, is due eithei 
to a metastatic infection of pieMously termed hydionephiosis oi, inmost 
cases, to the development of metastatic coitical abscess in the kidnei 
As infections of the kidney follownng suigical mteivention aie almost 
alwa}'S hematogenic-metastatic, one may say that embolic pyelonephiitis 
lepiesents the tvpical postopeiative complication as fai as the kidneNS 
aie concerned The souices of the infection aie the infected urinary 
bladder, fiom which the kidney may be infected by both an 
and a metastatic loute eveiy pus focus am wheie in the body aiic 
the intestinal ti act . 

Severe disease of the kidney may develop undei ^ or 

tions from even the most harmless appearing postoperatne 
mild pyuiia Accoi cling to Schwaiz’ view, caieful contro o 
motility occupies the centei of the stage in all pieAcntion a 
of infections of the uimaiy tiact fiom the colon baci us j . 

Tidm; ndoviv—BraasclH® considered some of 
arisen lecently in the diagnosis and treatment o re ^ ^ 

18 Braasch, W F Tuberculosis of the Kidnei, J Urol 23 66 
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Among the common sources ot eirox m the diagnosis of this disease aie 
confusion ot roentgen shadows caused b} lithiasis with calcified proc- 
esses of tubeiculosis, failure of clinical differentiation of pr elonephntis 
and tuberculosis, ovei looking tubeiculosis as the pnmai}^ cause m some 
cases of hydronephrosis confusion ot granuloma in the bladder secon- 
dary to tuberculosis with malignant tumor failure to appreciate the 
significance of slight p}uria which maj occui without any other clinical 
evidence m early renal tuberculosis and the incorrect interpretation ot 
the results of inoculation of guinea-pigs 

Probalih the most refined test availalile in the diagnosis of lenal 
tuberculosis is inoculation of guinea-pigs Cases hare been reported 
with positne results from the inoculation of guinea-pigs with the urine 
from supposedl} normal kidnei-^s In 1924, Scholl and Braasch reviewed 
the lecords of a small gioup of patients who had been operated on for 
supposed unilateral lenal tuberculosis and inoculations of guinea-pigs 
with urine collected from both kidne 3 's had been made A positive 
repoit concerning the supposedly well kidne\' had been obtained in a 
number of cases and it was inferred that mani’^ of these patients might 
hare had bilateral tuberculosis Several reais later tests were done in 
109 cases, including the 18 or 20 preriously studied Although the 
inoculation of guinea-pigs made with the urine from the supposedly 
normal kidnev again gave positive results in man} cases it w'as found 
that most of the patients were alive and w'ell three or more r ears after 
operation and that many of them gave negatne results on urmahsis 
It was evident that the positire reports from the normal kidner w'ere 
caused by regurgitation of the bacillus ot tubeiculosis from the bladder 
into the atonic lower portion of the ureter on the normal side After 
nephrectomy the bacillus peisists in the urine from the bladder and 
reguigitates into the normal meter for a consideialile length of time 
Cases hare been obsened in w'hich a tuberculous kidney w^as removed 
and fire }ears later inoculation of guinea-pigs wuth the urine from the 
remaining kidne} wdiich was otherwise normal gaie positive results 
The value of the differential renal functional test is another factoi in 
diagnosis emphasized b} certain observers It has been claimed that a 
definite lesion could not be present in the kidney without causing retarda- 
tion and diminution of the return of indigo carmine (sodium indigotin- 
disulphonas) It has been Braascb s experience wath a divided 
tunctional test that although it is often of diagnostic value there are 
so mam factoi s lmo]^ed in the excretion of the die the time ot appear- 
ance and the intensit} of color that the test is frequentl} inexact and 
misleading It is not unusual for the secretion of phenolsulphonphthal- 
ein or methilene blue ('metbilthionine chloride, U S P ) to be retarded 
fit teen or twenti minutes on both sides in spite ot the fact that the 
blood urea is normal 
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It has been stated lecently that American urologists use uiogiapli) 
too much in diagnosis, paiticulaily in lenal tuberculosis It has also 
been said that uiography is seldom necessary to diagnosis and that it is 
dangeious when emplo}ed in renal tuberculosis In the hundreds oi 
cases of lenal tubeiculosis obseived at the Maj^o Clinic in which uiog- 
laphy was employed, no serious haim was done Urography may proie 
to be the only means of ai living at a positive diagnosis m the presence 
of the following conditions (1) eaily lesions and small ciiciimscribed 
aieas, (2) tubeiculosis confined to one kidney and positive results from 
the inoculation of guinea-pigs with the uiine of the other kidney, (3) 
difteientiation of ui eterectasis that is secondaiy to ascending ureteritis 
and that occuiring with pyelonephi itis , (4) identification of doubtful 
lenal shadows, (5) diffeientiation of pyelonephritis and tuberculosis 
and (6) deteimination of the cause of a few pus cells recoveied from 
the supposedly noi inal kidney Although occasionally the pelvic outline 
IS noimal, it can be stated that a negative p 3 elogiam will exclude tubei- 
culosis in fully 90 per cent of cases 

Although ncphiectomi is usually conti aindicated in cases of bilateral 
tuberculosis, it may be considered occasionally if there is excessive pain 
hematuria oi acute sepsis m one kidney and if the other side is only 
slightly aftected Although nephiectoiny is not advisable without posi- 
tive indications, the removal of an occluded kidney appaientlj relieves 
sucli S} mptoms as dull lumbar pain oi vesical n ntation, and the patient s 
geneial condition impioves 

Another pioblem frequently presents itself m the tieatment of 
patients who continue to have dysuiia and fieqtiency several years after 
nephrectomy Biaasch lecently leviened sixty-five cases m which 
nephiectoiny had been perfoimed between five and fifteen years preii 
ouslv These patients had had advanced secondary ulcerative cjstitis 
with a maikedly reduced capacity of the bladder Within five years a ter 
operation there was a mortality of 37 per cent, somewhat higher tian 
the average When nephiectoiny is pei formed soon after the 
infection and before the bladdei becomes too involved, the resu s 
much better than in cases in which the duiation averages , 

yeais The fact that 30 per cent of a gioup of patients Muti 
cystitis and conti action lecovered shows to what extent tie cis 

bladder can lecupei ate fcshod 

Reference is made to a syndiome, similar to that o 
which has been obseived in several cases following ed 

renal tuberculosis In two cases the suprarenal gan jj,,. 

with the kidney, and in the other cases it may have een 
might explain some of the symptoms, which were sUt,j,es^^ ^ suciden 
suprarenal insufficiency The condition was death 

drop in blood piessuie and extreme prostration, o on 
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from t\\enty-four to thirty-six hours In case the suprarenal gland is 
removed, steps should be taken to o\ercome possible msufificienc} of 
epinephrine 

Kretschmer^® reported 221 cases in which he had obser^ed the 
patients , 43 5 per cent had had some sort of an operation , 42 of the 
patients (47 7 per cent) had had an operation for a tuberculous disease 
The largest number of cases occurring in any one decade -was 73 the 
ages ranging between 20 and 29 More than half the cases (56 per 
cent) occurred in patients between 20 and 39 3"ears of age Kretschmer 
referred to Wildbolz’ report of 245 cases in which bilateral renal tuber- 
culosis was found in 12 per cent of the senes, to Brongersma s report 
of 14 per cent, and to Braasch’s 16 bilateral cases in his series of 532 
(3 per cent) The records of 180 cases were a\ailable, in 35 5 per cent 
of which there Avas evidence of imolvement of the lungs Thirh-nine 
of 123 males had lesions involving the genital tract that is, of the 
prostate gland and vesicles, and 26 of these also had lesions of the 
epididvmis In 121 cases (54 7 per cent) the sj'mptoms had been pres- 
ent for one }ear In the next largest number s}mptoms had been 
present for two 3 ears, there were 33 in this group Therefore, in 154 
cases (69 6 per cent), s3mptoms had been present for tno 3 ears before 
the patients came under obsen'ation and Avere given the correct diag- 
nosis and treatment Frequenc3 of urination Avas present in 184 cases 
(83 2 per cent) Nocturia AA’^as present in 166 cases Pus A\as present 
in 201 cases (90 9 per cent) In 194 cases (87 7 per cent) the bacillus 
of tuberculosis Avas demonstrated b3 smear, b3 inoculation of guinea- 
pigs, 01 by both 

Hegedus stated that the success of renal decapsulation for curing 
chronic nephritis, as proposed b3’- Edebohls, has been doubtful but that 
some good results haA’^e been achieA’^ed in cases of associated oliguria and 
anuna in p3 elonephritis, of Avhich the folloAving case is an example 
A right tuberculous kidne3 AA'as remoAed from a 3muth aged 19 3 ears 
ConA'^alescence AAas uneA^entful and he AAas dismissed from obserAation 
on the eighteenth da3 Three months later he reported diminishing 
urinar3" output Catheterization shoAved the bladder to be emptA He 
had moderate feA'^er and no appetite, and he complained of seAere head- 
ache and nausea The nonprotein nitrogen content AAas 41 mg Examina- 
tion did not reveal mechanical obstruction of the left ureter A ureteral 
catheter was passed into the pehns and left in place for six hours 
The pehis AA'as laAaged but AAuthout success After anuria for twentA- 
four hours decapsulation A\as carried out under intercostal anesthesia 

19 Kretschmer, H L Tuberculosis of the KidncA, Am J Surs 9 2^1 
(^ug) 1930 

20 Hegedus, Karl Xephrektomie Avegen rechtsseitiger Xierentuberkulo'C 
Ztschr f Urol 23 847 1929 
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with piocame h\ di ochloi ide The kidney was twice the normal size its 
capsule was sti etched and it was daik blown and congested Examina- 
tion did not reveal a lesion The patient leceived 500 cc of a 4 per 
cent solution of devtiose immediately aftei the opeiation The bladdei 
was catheteiized foity-five minutes later, and 30 cc of cloudy mine was 
obtained Bactei lologic examination continually revealed pus and colon 
bacilli In twelve houis 350 cc of uiine was secieted, and the blood 
piessuie chopped to noimal The patient made a good recovery After 
the fifth day the output of mine increased to 1,000 cc in tweiit) -four 
hours The bacillus of tuberculosis was not found, and tests on aiiinials 
were negative Three weeks after operation indigo carmine appeared 
on functional test in six minutes and nonpiotein nitrogen had dropped 
to 24 2 mg Three and a half months after operation the patient uas 
in excellent health and had gained considerable weight Indigo caimiiie 
appeared in four minutes, and nonpiotein nitrogen was 25 09 mg 


Crenshaw stated that calcification in tuber culoris lesions of the 
l}mph nodes, the prostate gland, the kidney and other organs is cus- 
tomarily accepted as indicative that the diseased region is walled oft 
and that immunity is well established especialh in that region In a 
period of nineteen years a diagnosis of lenal tubeiculosis was made m 
appi oximately 1 817 cases at the Mayo Clinic, theie was loentgen evi- 
dence of definite calcification in the kidnev in 131 of these (7 1 pei" 
cent) The diagnosis was based on shadows in the loentgenogiani coin- 
cident with crstoscopic oi laboiatoiy evidence of tubeiculosis, such as 
the finding of bacilli positive results of inoculation of guinea-pigs the 
char actei istic pvelogi am the usual cystitis, nodules in the genitalia oi a 
functionless occluded meter The types of calcification seen m the 
loentgenogiam weie multiple scattered small aieas, single oi localizer 
areas 1 cm or moie in dianretei and large, inegulai, diffuse aieas 
involving either a large portion or the entire kidnev In the first 
the small scattered aieas aie generally caused by deposits of lime 
are occasronally seen singly, and appear as elongated irieguai < 
streaks oi as multiple irunctate areas, scattered ovei a laige poitio 
the kidney usually in one of the poles Unless the renal aiea 


loentgenogiam is car 


efullv examined, such aieas may easily he 


o\er- 


looked The second group is the type most easil) confuser m i 

The shadows aie usually of several varieties a shadow o ‘ 

line, with a consistence dimmer than that seen with reiia 

varying in size from 1 to 4 cm , a shadow chai actei ize 

laiit}'^ in its consistence and outline, somewhat lesemiiUf, & 

and definite shadows with a density and contour sUt,^^^ 

- T ^*rol 23 

21 Crenshaw J L Renal Tuberculosis \Mth Calcification 

(Ma^) 1930 
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The size ot the shadow does not indicate the extent ot the tubeiculous 
lesion A shadow onl> 1 or 2 cm in diametei mat be present in a 
tubeiculous lesion and invohe the entiie pole oi even the complete kid- 
ne} The third gioup IS chaiactenzed bjAarge regular lound shadows 
of vaiiable density m then difterent portions Shadows caused by com- 
plete caseation of the kidney may assume the outline of a complete cast 
of the kidney and aie usually uiegularly lobulated The shadow mav 
vaiy in density in diffeient portions of the kidnej , some aie so dim as 
to be scaicely discernible, whereas otheis are definite!} outlined Occa- 
sional!} with complete oi extensi\e calcification, the calcium deposit 
may be so slight that an accentuated normal renal outline appeal s in the 
1 oentgenogram and it ma} be difficult to determine whethei it is the 
shadow ot an actual lesion Renal tuberculosis with calcification ma} 
be distinguished fiom leiial calcuU b} certain signs If the condition 
undei consideration is due to the presence of renal calculi evidence of 
coitical necrosis is not seen in the p}elogram, the shadow of the stone 
IS included in the cahces lathei than in the coitex, the vesical changes 
that aie chaiacteiistic of tuberculosis aie absent, and stained smeais 
and inoculation of guinea-pigs give lesults that are negative foi tuber- 
culosis 

In this gioup of 131 cases of renal tuberculosis with loentgen eM- 
dence of calcification, nephrectomy was performed m 82 and medical 
tieatment was given in 49 Theie weie 99 male and 32 female patients 
The a^elage age for the gioup was 41 39 leais The a^elage age of 
all the patients with renal tubeiculosis with and without calcification 
was 35 9 leais In 28 cases (22 per cent) tinnari fiequenc} oi an} 
inflammatoi } changes in the mucosa of the bladder that vould suggest 
renal tubeiculosis weie not piesent Of 113 cases calcification occuiied 
in the light kidney in 49 and m the left kidney in 55, it vas bilateral 
in 9 In seveial cases theie was calcification m the iiietei and in the 
pi estate gland Adding the cases m which the patients were piacticalh 
well to those in which the patients impioved, the general health vas 
gieatlv impioved in 34 (85 pei centj of 40 patients treated b} surgical 
means and in 7 (58 pei cent) of 12 treated medicall} The condition 
of the bladdei was gieatlv impioved in 31 (78 pei cent) of the 40 
patients who received surgical treatment and in 8 (67 per cent) of those 
who leceived medical treatment The mortality is the same in cases vith 
calcification as in cases without calcification In general mortalit} and 
longeMti aie moie favorable vhen nephrectomy is performed than when 
medical treatment is given 

The diagnosis is pooi in cases of actne pulmonar\ tubeiculosis in 
vhich treatment is medical With total calcification and a normal blad- 
dei the prognosis is good vith either suigical or medical tieatment 
Nephiectoiu} should be perfoimed in cases of "renal tuberculosis with 
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calcification as in cases without calcification, excej^t in those in which 
theie is quiescent tot^l calcification coincident with a noiinal bladdei 
Pyelonephutis—Pmmenter, Foord and Leutenegger’- lepoited 
thiee cases of this condition In these three iionsurgical cases tieatment 
by uiinaiy antiseptics of various kinds and by pelvic lavage was carried 
out, but the patients continued to have persistent symptoms and cloudy 
uiiiie The medical treatment foi gonococcic infection of the kidney is 
unsatisfactoiy whethei this tieatment is given by mouth oi topically, 
such as by lavage of the lenal pelvis 

IMathe stated that the internist and geneial surgeon often contuse 
pyelonephiitis with influenza and vaiious abdominal lesions The dis- 
tinguishing feature in its distinction lies in a careful urinalysis, which 
should include cultuie of the mine in oider to asceitain the tuie nature 
of infection, as the colon bacillus will often overgrow and outshadow 
staphylococcus, sti eptococcus and other organisms Eaily catheteriza- 
tion and drainage in acute py^elitis aie advised in all cases in which 
acute Itydionephrosis is suspected of being due to obstruction caused by 
congestion, the result of inflammatory processes in the ureter and pelvis 
which lead to gieatei narrowing of the physiologically constuicted poi- 
tions of the uretei 

Mathe suggested as a modern tieatment foi chionic pyelonephritis the 
systematic eiadication of all possible foci of infection, the elimination 
of stasis in the uppei and loiver paits of the uimary tiact, drainage and 
lavage as a loutine piocedure, alternating silver nitrate with the pene- 
trating dyes, and the employment of local immunization by the injection 
of the filtiate directly into the lenal pelvis 

Of the 347 patients observed by Mathe over a period of y^ears, 4 
weie not improved Thirty of these piesented stasis in either the upper 
01 the lowei part of the urinary tract ■which was an unquestiona 
factoi in lowering the resistance of the kidney, making it more su 
ceptible to infection One bundled fifteen patients improved 
impiovement consisting of moie or less transitory 
symptoms, the mine, howevei, continued to show infection i epir 

tomy was perfoimed on 15 patients 

Peuneph ihc Abscess — Campbell^* presented a clinical ® 
aghty-thiee cases of permephnt.c abscess Th.s 
01 intiarenal origin and m most cases is caused by 


— ^ r T Gonococcal Picto 

22 Parmenter, F J , Foord, A G , and Leutenegger, J 

nephritis, J Urol 24 359 (Oct) 1930 Treatment of 

23 ]\Iathe, C P The Differential Diagnosis and Moctc 

Pyelonephritis, J Urol 24 119 (Aug ) 1930 ^s;o\ 1 

24 Campbell, M F Permephritic Abscess, Surg Gmec 

1930 
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Although the piedominant sjmptoms are fever, pain m the costovertebral 
angle, leukocytosis and reflex urinaiy fiequency, a lesion other than 
peinenal abscess may be suggested bolh subjectively and objectively 
With this confusion of symptoms and often meager or indefinite clinical 
data, the diagnosis is difficult In a third of the cases in the series, the 
diagnosis is made only at necropsy Steieoscopic roentgenography is 
of special value when it shows obliteration of the margin of the psoas 
muscle on the side of the abscess or lateral spinal curvature away from 
the abscess Moreovei , when complicating subphi enic abscess is present, 
elevation and fixation of the diaphiagm, with obliteration of the 
costophremc sinus, aie diagnostic Technical urologic examination may 
not be of aid , in two cases in the senes it actually confused the diagnosis 
The treatment is surgical drainage, although m rare instances a patient 
lecoveis without opeiation Complications are common and involve 
the pulmonary and genito-ui inary systems m particular Of the fifty- 
foui patients operated on for periienal abscess, eleven died, an operative 
mortality of 20 4 per cent It is noteworthy that most of these fatalities 
veie directly due to complications and the suigical treatment theieof 
1 athei than to the primal y abscess 

Sisk and Wear repoited three cases of gonococcal infections of the 
kidney, ureter and bladder Johnson and Hill stated that ascending 
infection to the kidney may occui just as invasion of successive portions 
of the urethra ocurs against the urinary stream It has been demon- 
stiated that infection in the renal pelvis from the bladder may occui 
under certain conditions, and m view of the frequency with which the 
neck of the bladder is involved in gonorrheal infections, this route of 
infection merits consideiation Simmon favored the hemic or descending 
loute, and the possibility of infection by this route is recognized when 
one consideis the frequency with which gonococcal bacteiemia occurs, 
the low resistance of the patient and the great virulence of the organisms 
m many cases 

The similarity of gonococcal cystitis to tuberculous cystitis, although 
mentioned as eaily as 1902 by Asch and later by Barney and Buerger, 
has nevei been sufficiently emphasized Of the thirty-two cases reported 
in the hteratuie as gonococcal infections in the kidney and ureter, the 
diagnosis is doubtful in all but four The value of fermentation or 
seiologic tests for confirmatoi} eiidence cannot be questioned, but it 
is behe^ed that the experienced urologic diagnostician, with the aid of 
an expel t laboiatory workei, can accurateh diagnose this condition by 

25 Sisk, I R and Wear J B Gonococcal Infections of the Kidne\, Ureter 
and Bladder, T Urol 23 639 (June) 1930 
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othei means The difficult) in gi owing the gonococcus on artihcial 
mediums is geneially lecogmzed 

Little IS known about the tieatment of gonococcal infections of the 
kidneys and bladdei The consensus favoi s the use of silver salts in the 
bladdei and kidneys 

The piognosis m this t)pe of infection must be giiaided Reaction 
to tieatment begun in the eail) stages may be satisfactoiy, but even 
Mheii the treatment is begun eaii) recoveiy may be prolonged and 
tedious to both patient and smgeon 

Raecfion — Heibst and Polke) investigated experimentalh , van 
ous t}pes of technic in lenal lesection They obsened the incidence ot 
hemoiihage, fistulas, atioph) and compensaton hypei trophy, and 
detei mined the lenal function following lesections as evidenced bi 
the excietion of phenolsulphonphthalem 

In thnt^-se^en dogs the kidney w'as lesected undei health) con- 
ditions and wMthout distuibing the opposite kidney Resection of the 
kidney i educed the weight and phenolsuljihonphthalein function in all 
cases and at all times Function clecieased appi ovimately in piopoition 
to the loss of secieting lenal tissue even wdien small amounts weie 
1 emoved 

Resection of small amounts of lenal substance did not affect the 
life* 01 health of the dog and did not cause compensatoiy Ippertropln 
of eithei the i esected or the opposite healthy kidne) 

Complete atiophy and complete loss of function of the resected 
kidne) did not occui in thiit)-toui wrecks, although theie ivas alna\s 
some 1 eduction of weight and size, relative atiophv fiom disuse nas 
nevei obseived 

[Ed Note — The obseivations of Heibst and Polke) are of lalnc 
in demonsti ating that the function of the individual kidnei is inipaire 
permanently m diiect jiiopoition to the amount of secreting tiss 
removed The fact that compensatory hypei tiophy does not 
at once eithei in the partially i esected kidney or in the opposite i 
even when copi^idei able amounts of tissue aie remoied is o ep 
significance and somewdiat at vaiiance with the usual impiess 

Doubtless, as these authois intimated, there is a definite 
renal tissue m the body which may be i emoved up to a certain qin 
amount befoie the stimulus foi compensatory Inpeitiopi) oi 
of the remaining lenal tissue comes into physiologic actnih 

- An rxDcrimciitsl 

26 Herbst, R H, and Polke> H J Renal i930 

Study of Postoperative Function, Surg Gmicc Oust 

(To be Confinucd) 
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INTERVERTEBRAL DISK EXTENSIONS INTO THE 
VERTEBRAL BODIES AND THE SPINAL CANAL' 

DA.VID SASHIN, MD 

Frederick Brown Research Fellow, Hospital for Joint Diseases 

NEW \ORIv 

Intel vet tebial disk extensions into the adjacent veitebral bodies or 
into the spinal canal have until recentl}'- been unknoivn Schmoil,’^ in 
1926, was the fiist to diiect attention to this pathologic condition On 
lemo^aI and sagittal sectioning of the vertebral column m routine post- 
11101 tern examinations, he found one or more intervertebral disk exten- 
sions 111 the rei tebial bodies in 38 per cent of the spines examined 
Schmorl named these areas of disk invasions of the bodies cartilage 
nodes (Knorpel Knotchens) In 1929, both Andrae " and Schmorl " 
described similar disk extensions into the spinal canal 

Since Schmorl’ s first description of the pathologic picture of the 
intei vertebral disk extensions into the vertebral bodies, a number ot 
papeis dealing with the clinical phase of this subject have appeared in 
the German literature Schanz,‘‘ in a paper on the vertebral column 
and trauma, suggested the possibility of a direct causal relationship 
between the intervei tebi al disk extensions or cartilage nodes and simp- 
toms in the back Dittrich ® and Mau ® reported single cases of pain in 
the back and disability, where the Jateial roentgenograms showed the 

Submitted for publication, June 21, 1930 

‘'The pathologic specimens were remored by the author on autops> at the 
Pathologic Institute of the Stadt Krankenhaus Dresden Friedrichstadt,’ of which 
Geheimrat Prof Schmorl is the director The roentgenograms and clinical cases 
are from the roentgenologic and orthopaedic departments of the Hospital for 
Joint Diseases, New York 

1 Schmorl, G Die pathologische Anatomic der Wirbelsaule, Verhaiidl d 
dcutsch orthop Gesellsch (1926) Kong 21, p 3, 1927 

2 Andrae, R Ueber Knorpelknotchen am hinteren Ende der Wirbelband- 
scheiben im Bereich des Spmalkanals, Bcitr z path Anat u z allg Path 82 464 
(Sept 20) 1929 

3 Schmorl, G Ueber Knorpelknotchen an der Hmterfiache der Abrbelband- 
'^c!icib'’n, Fecr^ehr a d Geb d Rontgenstrahlen 40 629, 1929 

4 Schanz, A Wirbelsaule und Trauma, A.rch f klm Cbir 148 187, 1927 

5 Dittrich Der rontgenologische Nachweis ion Knorpelknotchen im Yhrbel 
Verliandl d deutsch orthop Gesellsch (1928) Kong 23, p 295, 1929 

6 Mau, C Der rontgenologische Nachweis dcr traumatischen Knorpel- 
knotchenbildung am V irbelkorper, Zentralbl i Chir 55 386 (Feb 18) 1928 



528 


ARCHIVES OF SURGERY 


presence of cartilage nodes Muller/ m five cases, three of which gaie 
a histoiy of pain in the back, found loentgen evidence of intervertebral 
disk extensions of one oi moie veitebial bodies 

The clinical significance of inteiveitebral disk extensions is as let 
not established Up to the present only seven clinical cases with roent- 
gen evidences of disk extensions into the vertebial bodies have been 
leported in the liteiature This condition is relatively unknown, and 
although a numbei of papeis have been published in German, no papei 
has yet appealed in Engh Sli 

In this papei I shall describe the pathologic picture and roentgen 
appearance of the intei veitebial disk extensions, and I shall attempt to 
state then clinical significance 


ANATOMY AND PHYSIOLOGY 


The intei vertebial fibrocaitilages or disks are inteiposed between 
adjacent vertebial bodies and foiin tbe chief bond of union between 
the veitebrae They consist of an annulus fibiosus, nucleus pnlposiis 
and two thin caitilage plates 

The annulus fibrosus is a circumferential lainellai layei suiiounding 
the nucleus pulposus It is fiim, fibious and chemically w^ater poor The 
nucleus pulposus is situated slightly posterioi to the centei of the disk, 
commonty at the junction of the middle and posteiioi third of the 
veitebral body It is a veiy elastic and tightly compressed matenai, 
which bulges out freely when the confining pressuie is removed The 
nucleus is expansile, soft, water iich, and has the constant tendency to 
spiing out of its confinement in the direction of least resistance 
caitilage plates are thin layei s of hyaline caitilage, which cover tie 
pioximal and distal surfaces of the bodies 

The intei vertebral disks comprise from one fouith to one ^ 
the entile vertebial length They vaiy in size and shape ivitli the o 
they unite They ai e widest and thickest in the lumbar region a 
ceivical and lumbar regions they aie thicker in front than beiin , g o 
use to a f 01 ward convexity of the spine In the thoracic regio 
disks aie flattened and have only a slight effect on the postei 

vexity of the dorsal pait of the spine niiloosus 

The elasticity of the interveitebial disks lests in the ntic pj. 

In the normal state it is compiessed and acts as an ^ press 

spiing Roux® compaied the intervertebral disks to a i) 

The disks act as shock absoibeis and buffers agains ^ running 
They diminish the j airing effects of the veitebrae m 


lumping or othei movements of the spine 

^ ^ tt 1 22 

8 Roux, quoted by Schmorl Verhandl d deutsch path G 


-7 T, -- - - (ft 

7 Muller, Walther Das rontgenologische Bild C^ir 145 


1927 

j MuJier, wanner - 

der sogenannten Knorpelknotclien der Wirbe sau e, 

1928 
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The disks are in relation in front with the anterior longitudinal liga- 
ment , behind, with the posterior longitudinal ligament , proximately and 
distally, with the adjacent surfaces of the vertebral bodies, and lateralh 
m the thoracic region with the interarticular and ladiate ligaments 

The intervertebral disks have normally no blood vessels They 
receive their nourishment through the cartilaginous plate from the 
bony marrow by diffusion 

The bodies of the adjacent vertebrae are composed of cancellous 
tissue covered by a thin coating of compact bone which is normally 
perforated by numerous small orifices This thin plate of compact bone 
acts as a protecting layer of the body against the constant pressure of 
the disk substance The interior of the bone is traversed by one or two 
large ii regular canals for the exit of the basivertebral veins from the 
vertebral body Over the anterior surface of the bone are several small 
apertures for the entrance of nutrient vessels 

DEFECTS IN THE VERTEBRAL BODIES 

In a sagittal section of a normal spine at autopsy, the expansile fibers 
of the disks, which rest almost entirely in the nucleus pulposus, are 
laised above the surrounding surfaces This highh expansile tissue is 
separated from the adjacent cancellous stroma of the bodies b) a thin 
cartilage plate and a thin layer of compact bone In a number of speci- 
mens, due to the normal physiologic tension of the disk substance, small 
semicircular depressions may be noted over the posterior thud of the 
bodies around the location of the nucleus pulposus These small 
“doming” defects may be seen in >oung persons aiound oi shorth after 
the close of their growing period and represent a slight structural weak- 
ness of the vertebral bodies The cartilage and bony plates are as a 
lule intact, although m some cases the cartilage plate around the 
depression is very thin However, no invasion of the spongiosa usualh 
occurs 

SCIIMORL’s CARTILAGE NODES (knORPEL KNOTCHENS) 

In a lather large number of specimens the expansile disk fibers 
succeed in inAading one or more lertebral bodies The cartilage and 
bon} plates are usuall) injured, and as a result, the disk substance 
extends into the body The extent of the imasion of the spongiosa is 
small, usual!) not larger than a pea in area In one or tvo cases the 
bieak m the continuit) of the protecting plates mai be so large that 
])ai t of the disk substance ma^ a irtuall) prolapse or herniate through the 
opening It is these inter\ ertebral disk im asions that Schmorl described 
and named cartilage nodes In roung persons or m a recent!) invaded 
bod^ the cartilage node presents a vhite soft glistening appearance, 
later it assumes a light blue hue and becomes hard and cartilaginous 
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The caitilage node vanes in size from that of a pinhead to that ot a 
grape and is most frequently found over the lower thoracic and upper 
lumbai ^elteblae (fig 3 A) 


ETIOLOGY 


The most impoitant etiologic factoi is tiauina This may be mani- 
fested in the foim of mild, lepeated injuries to the spine, as for example 
pel sons doing haid manual woik This continued tiaunia may go on 
for jeais without causing any signs oi symptoms of disability Yet at 
autopsyq or m some cases in the lateral loentgenogiain, small disk exten- 
sions of the bodies aie found In anothei group of cases a seveie 
sudden injuiy to the spine, as in a direct blow oi fall on the back, mat 
cause a bieak in the continuitv of the piotecting plates With the 
establishment of an open dooi . the expansile disk substance invades tlv 
body spongiosa In many of these specimens, small hemorrhages and 
xasculai engoigements aie seen aiound the invaded glistening disk 
fibeis Infiequenllyq a diiect injuiy , as a gunshot oi stab wound to the 
veitebial body'- extending through the boir\ and cartilage plate occurs, 
and as a i esult max lead to the extension of the aisk substance into the 
spongiosa Sclimoi 1,'' m an examination of the spines of 3,000 persons 
found the lattei condition piesent in only 2, both of whom were war 


x’eteians 

Anothei factoi is degeneiatix'e or aithiitic changes of the cartilage 
plate This occuis m a small peicentage of peisons, paiticnlarly in late 
adult life The caitilage plate becomes haul and buttle, and under the 
expansile piessuie of an actixm disk, a teai oi break in continuity easi i 
OCCUIS In some cases, the fibeis extend through the small oiihces in 
the bony plate and thiough piessuie atrophy of the nitervenin-, 


tiabeculae inxade the spongiosa 

In diseased conditions of the veitebial bodies, such as osteoporos^^ 
osteomalacia, tuinoi metastases or multiple myelomas, the _ 

the vertebial bodies may be consideiably loxveied When tie in^^^^^ 
vertebial disks are active, the expansile tension of the dis^s 
sufficient xnitually to compiess the bodies, gixnig them an iourg< 


fish veitebrae appeal ance (fig 8A) 


PATHOLOGIC CHANGES OF THE INVADING INTERVCRTEBRAI 

DISK SUBSTANCE 

Following the extension of the disk fibers into the place 

hyperplasia of the cartilage ceils of the intervertebra substance 

and in tune, the soft, glistening, expansile mxa 

9 Schmorl G Ueber Knorpelknotchen an den Wirbelbandsclieibcn, 
a d Geb d Rontgenstrahlen 38 265 (Aug) 1928 
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becomes haicl and cartilaginous This cartilage node develops piincipall} 
from the cartilage cell hyperplasia of the mterveitebral disk substance 
The cartilage cells of the caitilage plates do not seem to take pait In 
30 ung persons in whom the endochondral giowth has not ceased, the 
caitilage cells from the growing cartilage la 3 ei take pait Accoiding 
to Schmoil,^'’ the caitilage nodes are to be consideied as a “caitilage 
callous h} pel plasia ” 

In eaily cases, small hemorihages blood pigment and lasculai 
engoigements of the blood vessels are found aiound the iniaded disks 



Fig 1 — Low power photomicrograph of an inten ertebral disk extension into 
a \ ertebral bodv Note the marked ^ascuIar engorgement and dilatation of the 
\csscls siirroimding the disk node 

Latei vasculai infiltiation and new vessel foimations appeal (figs 1 
and 2) Aiound the maigiii of the caitilage node endochondral ossifi- 
calion and new' bone formation set in, w'hich may extend and nnohe 
the entile disk node (figs 2 4A and 5 A) The extended intener- 
tcbial disk node may also undergo c 3 stic degeneration (fig 6 A) 

10 Schmorl, G Leber die an den Wirbelbandscbeiben \orkommenden 
\iisdehnungs-und ZcrreisstingsNorgangc und die dadurch an ihnen uiid dor 
\\ irbelspongiosa her\orgerufenen Vennderungen 3 erhandl d deiitsch pith 
Gccellsch 22 250 1927 



532 


ARCHIVES OF SURGERY 


FREQUENCY OF CARTILAGE NODES 

Sclimoil, in a review of 2,000 cases at autops), found cartilage 
nodes in 737, oi 38 per cent Of tins number, 39 per cent weie found m 
males and 34 pei cent m females For peisons from 18 to 59 yeais 
of age the figuies were males, 40 per cent, females, 20 per cent, 
tiom 60 to 95 years, males, 23 per cent, females, 44 per cent In early 
adult life between 18 and 29 years, Schmorl found 39 per cent m males 
and 18 pei cent in females 



Fig 2— Low power photomicrograph of an 
of a vertebral body Note the thick bonj barrier 
vascular infiltration and engorgement at the left 


vertebral disk node and pah 
e upper end, and the marked 


INTERVERTEBRAL DISK EXTENSIONS INTO THE SP 

Andiae,- in an examination of 368 veitebial 56 or 

found intei veitebial disk extensions into tie spi the 

15 2 pel cent These posteiior disk extensions a firm, pea- 

caitilage nodes desciibed by Schmoil They appe spn’^'j 

sized pi ejections of disk substance on the an eno bean-shape^ 

canal SchmoiP found in a woman of 49, a mtoti’e 

extension of the tenth intei vertebial ^ of the cord ^ 

spinal canal, and which caused a lateial displacement 





fct 


m: 




(viK; 




Fig 3 — ^ shows a sagittal section of several vertebral bodies with three 
disk extensions The upper two nodes have a soft elastic consistency, the lower 
one is cartilaginous and in places ossified P is a roentgenogram of section A 
The upper disk node presents a bony defect or area of bone destruction, the lower 
node presents bone production 


1 le: J .hox\s tuo calcified di^k nodes B is a roent-enogram of / Vote 

the imgnnr dtiivi. vlndow of the lower node 
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Pechy found in a man of 49, a haid, bean-sized growth of the seventh 
thoiacic intervertebral disk substance m the spinal canal, which pio- 
duced a backwaid displacement of the cord Andrae- and SchmoiP 
were of the opinion that this benign giowth is an intervertebral disk 



Fig 5 ~A shows a sagittal section of the spine 
nodes surrounded by dense compact bone S is a roen 
Note the areas of lessened density surrounded by dense scie 

of the cases 

node that has undergone secondai) changes In 
reported was a compression of the spinal cord oisene 

, mitartwen Wirbelsaulenei- 

11 von Pech}, Koloman Zur Kenntnis er 
schwulste im Wirbelkanal, Frankfurt Ztschr f ^ i 




sash IN— INTERVERTEBRAL DISK 

The posterior cartilage nodes are extensions of some of the fibers 
of the nucleus pulposus into the spinal canal Normally, the nucleus 
pulposus is situated at the junction of the middle and posteiioi thud 
of the vertebral body and is separated from the spinal canal by the 
posterior fibers of the annulus fibrosus and the posterior longitudinal 
h-ament As a result of a severe tiauma or degenerative changes of 



Fig 6 — -i shows partiallj degenerated and cjstic disk node B, a roentgen- 
ogram of section A, presents a famth Msibk small area of osteoporosis 

the annulus fibrosus, an a\enue ma> be established for the extension 
of the expansile fibers against the posterior longitudinal ligament The 
extent of the nnasion of the spinal canal is on the whole verj slight, 
\ et It IS concen able that the disk extensions maA be of such size as either 
to compress the cord directh or, b\ becoming loose m the spinal canal, 
to produce pressure snnptoms Daixh reported two cases in which 
loose cartila ge troni the inter\ ertebral disk produced a compression of 

12 D-indA Wilier F Cartihge from the Intcr\ertebr il Disk 

‘^mmhlmsr Tnmr.r oi ttie Spiml Cord \rcb Surg 19 660 (Oct ) 1929 
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the cord \\hich resulted in parahsis of both lower extremities The 
patients were men aged 47 and 61 3 ears, respectneli The parahsis 
followed an injury to the back A Iaminectoin\ was perforniec! and 
a piece of loose cartilage w^as found in the spinal canal Following tlie 
operation, the parahsis disappeaiecl 



Fjg 7 — ^ shows disk extensions in the third and last sclent 
roentgenogram of section A, shows two defects in the respective bo ics 

ROEXTGEX STUDIES OF IXTERt ERTEBR AL DISK XODEs 

Pathologic specimens consisting of fairh large cartilage no<\^ 
the adjacent vertebral bodies witli defects m the cortical j.ttra! 

rounded bt a dense later of compact bone are clearh ^., 5 ^ 

roentgenograms The\ appear as small areas 01 e-^e 
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surrounded by a dense shadow A break in the contuiuitj of the coi tical 
plate IS nearly always noted on the film Posteiior cartilage nodes \\hen 
not calcified or ossified aie not visualized Chasm/® in experiments on 
the cadaver, demonstrated that structiiial changes m the vertebral bodies 
had to be of considerable size to be noted on the roentgenogram He 
found that defects of fiom 1 to 1 5 cm in diameter could not be seen 



Fig 8 — A IS a section through the lumbar bodies of a markedly osteoporotic 
spine The intervertebral disks are ballooned out B is a roentgenogram of 
section A Note the extreme osteoporosis and compression or “hourglass” appear- 
ance of the bodies 

To determine the extent of roentgen visualization of the cartilage 
nodes, roentgenograms were made of a number of pathologic specimens 
uith clearly outlined disk nodes Figure 3 A is a photograph of a 

13 Chasm A Die Dimensionen der destruktnen Veranderungen in den 
Wirbelkorpern die rontgenographisch bestimmt werden konnen, Fortschr a d 
Geb d Rontgenstrahlen 37 529, 1928 
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sagittal section of several vertebral bodies, and presents three rather 
laige disk extensions in the bodies The upper and middle disk nodes 
are white and glistening and have a soft elastic consistent , while the 
lower node is cai tilaginous and in places ossified In the roentgenogram 
(fig 3B), the upper disk extension presents a semicircular depression 



Fig 9 (case 1) — Lateral \iew showing a depression of the 
and a large \acuolated area vithin the lovkcr half of the third um ar 


or area of erosion in the body The middle disk node can 
The distal node presents a dense semicircular shadow vith ^ 
bone production On the contiguous portion of the acljacen 
IS a small irregular shadow tvhich is fairh mdicatn e of an o 
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Figuie 4 A piesents uiegulai calcified caitilage nodes In the 
loentgenogram, the small niegular uppei node is indistinct and can just 
barely be seen, while the lowei node presents a dense iiiegular semi- 
ciictilai shadow A comparison of figures 3 J3 and 4B shows that in 
the foimei the changes m the bodies aie largely destuictive, wheieas 





Fig 10 (case 2) —Note the large defect in the proximal cortical plate of the 
twelfth dorsal segment 

in the latter, the invading cartilage has been conveited into a dense 
calcific structureless node In section 5 A, one notes over the lower 
bodies two degenerated cartilage nodes surrounded by thick compact 
bone In the roentgenogram (fig SB), they appear as areas of 
lessened density limited bv a dense sclerotic bordei Figure 6 A presents 
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a large, isolated and moie or less des-enerafpH 
vertebral body In the roentgenogram (fig 6 fhf „ ' 

faintly visible as a aone of osteoporosis In the sn 1 ' 

figure 7^, a disk extension m the third body anfa 22’ disf ‘"T 
the seventh body is clearly seen In the roiitgiliTffif 7 n d'.: 



Fig 11 (case 3) — Note the semicircular area of lessened density in the loner 
and posterior half of the eleventh and twelfth dorsal and first lumbar bodiC' 
Note also the patchy appearance of the second lumbar bodj 


disk extensions are presented as fairly large defects in the third an 
seventh vertebral bodies of this specimen Figure 8 ^ is a photograp | 
of a sagittal section of a markedly osteoporotic spine The intenertebra 
disks are ballooned out, and the vertebral bodies compressed Between 
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the two lower inteivertebial disks the body has been compiessed and 
presents an “hourglass” or “fish vertebrae” appeaiance In the loent- 
genogiam (fig SB), the bodies appear atrophic and reduced in size, 
while the intervei tebral disks have ballooned out One should note also 
the apparent collapse of the bodies and the extieme osteoporosis 

Clinically, the caitilage nodes are seen in the lateial i oentgenogram 
in only a veiy small numbei of cases Dittnch,® in a leview of all the 
loentgenograins taken at Professoi Bayer’s clinic in Heidelbeig, found 
cartilage nodes in only one plate This case was in a man, aged 43, who 
fell from a considerable height and sustained a compiession fracture of 
the ninth dorsal veitebra The plates showed small semicncular defects 
111 the coitical layers of the eighth doisal and in the distal surfaces of 
the eleventh and twelfth doisal and the first lumbai veitebrae Mau,® 
of the Suigical Univeisity Clinic at Kiel, Geimany, lepoited that in 
a leview of all the roentgenograms of the clinic, he found in only one 
plate the piesence of a cartilage node The plate was of the back of 
a man, aged 40, who thirteen years befoie was struck on his back by a 
falling tiee In the lateral roentgenogram, a cartilage node was seen 
over the uppei maigin of the eighth dorsal veitebra Muller'^ repoited 
five cases in men varying in age from 21 to 40, m whom one oi more 
cartilage nodes weie found in the lateial i oentgenogram At the Hos- 
pital foi Joint Diseases, m an examination of ovei 2,000 spines of 
which roentgenograms had been made for various reasons during the 
past three years, 9 cases of intei vertebral disk extensions weie found 
in 1 or moie vertebial bodies 

REPORT OF CASES 

C'vsE 1 — M R, a woman, aged 26, was admitted to the hospital on July 17, 
1929, ivith the complaint of severe pain over the lower part of the back On April 
10, 1929, she fell down a flight of stairs and injured her back She was carried 
home and remained in bed for two weeks She then got up, but still had severe 
pain over the back, and experienced difficulty in getting about Examination 
revealed a slight elevation or knuckle formation over the third lumbar vertebra 
Flexion of the lumbay spine was entirely restricted There was slight tenderness 
over the third and fourth lumbar spinous processes and oi er the coccyx 

Roentgen Obsei vations —The. third lumbar vertebral body was compressed 
There was a definite depression over its upper surface, with a large, more or less 
irregular, vacuolated area the limits of which were demonstrated as a dense, 
sclerotic border within the third lumbar body (fig 9) This picture was one of a 
traumatic extension of the intervertebral disk substance into the vertebral 
spongiosa 

Case 2— S C, a laborer, aged 46, was admitted to the hospital on July 26, 
1927, i\ ith the complaint of pain over the spine On April 16, 1926, he fell off 
a scaffold and injured his back He was taken into a local hospital in an uncon- 
scious state, and remained there for ten dass Since then, he has had severe pain 
111 his back He is unable to ssork, carrs weights or valk without support 



archives of surgery 


Motion of the spine was restricted tn iii ^ 

™ the spinous processes of the elevenraXelf^^^^^^^^^ 

of .,.e 

y the proximal cortical plate There 



Fig 12 (case 6) — Lateral view showing the semicircular a'^eas of lessened 
density with sclerosed borders in the upper and low'er end of the third lumbir 
vertebra 


w'as also a pea-sized area of lessened density in the spongiosa which i\as sur- 
rounded by a dense eburnated border (fig 10) 

Case 3 — D S, a cutter, aged 37, w'as admitted to the hospital with the 
complaint of pain over the low^er part of the back The patient ga\e a histon ot 
having lifted a heavv roll of cloth, after which he felt a sharp pain in the h-ac 
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and was unable to straighten up He had to be assisted and uas taken home 
Examination revealed a stiff, rigid spine 

Roentgen Obse) vations —Ov^r the distal articular surfaces of the eleventh and 
twelfth dorsal and the first lumbar vertebrae were irregu'ar, small areas of 
lessened density or disk extensions in the spongiosa These areas were clearly 
MSible and were bordered by a dense surrounding margin (fig 11) The second 
lumbar vertebrae had an irregular shape w'lth a patchy osteitis 

Comment — In the cases etted a direct causal relationship between 
trauma and disk extensions in the bodies is evident In the first two 
cases, the injury produced a partial collapse or compression of the 
vertebrae The disk extensions involved a considerable portion of 
the bodies and weie clearly seen in the lateral loentgenogiams In the 
third case, a preexisting pathologic condition as a stiuctural weakness 
of the lower doisal and lumbar bodies appears to have been present 
which prior to the iiijuiy gave no sjunptoms Tiauma seems obvioush 
to have had a diiect pi ecipitating effect m the pioduction of the spinal 
picture 

Case 4 — G J, a school girl, aged 15, was admitted to the hospital with a 
tentative diagnosis of a tumor of the spinal cord The patient stated that two 
weeks prioi to her admission, she fell and injured her back She complained of 
pain over the left thigh and the knee The pain was worse at night Examination 
revealed no impairment of the motion of the spine and no tenderness There was 
i slight atrophy of the left thigh The attending neurologist felt that the slight 
atrophy and pain were secondary to a radicular involvement Ah laboratory tests 
w'ere negative 

Roentgen Ohseivations — There were small irregular saw tooth areas on the 
surfaces of the second lumbar body and a larger semicircular depression over the 
tw'clfth dorsal vertebra 

Case 5 — J M , a shoe operator, aged 37, came to the outpatient department 
with a complaint of pain over his back He said that the pain came on after bath- 
ing It was intermittent and was wmrse m rainy w’eather Flexion of the spine 
was slightly limited 

Roentgen Obscivations — A small irregular defect or area of bone destruction 
was seen m the lower cortical plate of the tenth dorsal vertebra 

Case 6— E D, a waiter, aged 53, was admitted to the hospital with a com- 
paint of generalized rheumatic pains of over tw'O years’ duration The patient 
walked slowh and with his bodi bent forward Mobility of the spine was 
restricted in every direction 

Roentgen Obsc)-vatwus~0\er the proximal and distal surfaces of the third 
lumbar ^ertebra were irregular deep depressions in the bod\ (fig 12) 

Case 7— \ B , a salesman, aged 51, was admitted to the hospital with the chief 
complaint of pain oier the right hip and back Forward bending of the spine was 
limited and ga\e rise to pain 

Roentgen Obscizaftons~0\eT the distal surface of the eleienth and proximal 
surface of the twelfth dorsal Aertebrae were seieral irregular saw tooth areas of 
lessened den=it\ in the lertebral segments 



544 


ARCHIVES OF SURGERY 


Case 8~p O, a woman, aged 31, was admitted to the hosmtal 
complaint of backache She had had acute intermittent attack, nf \ 

for the previous two years Examination of T back rteal d 

of movement and slight rigidity of the lumbar muscles No locaTt LXniesr;; 
the spinous processes was present tcnaerness ot 



Fig 13 (case 8) — Small irregular depression in the upper posterior mar^ 
of the twelfth dorsal bod}" 


Roentgen Obsei vat tons —Oxer the posterior third of the dcnMU 

the twelfth dorsal vertebra was a bean-sized irregular area ot 
surrounded by a sclerotic border (fig 13) 

Case 9— F H, a ivoman, aged 70, ^'"'spdmitted to^the 
chief complaint of pain over the loxver part of the “acK 

gradually about two years before The patient was con Exatnnntion 

weeks At the time of admission, the pam uas se\ere an 
of the back revealed a marked restriction of all moiemen s 
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Roentgen Obseivaf ions —The lumbar vertebrae 
The bodies \\ere compressed and resembled the so- 


were markedly osteoporotic 
called fish vertebrae (fig 14) 


Comment -Tht et.ologic factors involved in cases 4 to « are not 
definite In case 4, a history of trauma was obtained, but its lelations p 



Fig 14 (case 9) — Note the marked osteoporosis and moderate compression 
of the lumbar bodies 


to the disk nodes seemed ver} doubtful The mode of onset, dura- 
tion and t\pe of pain m cases 5, 6 and 7, suggest an arthritic intolve- 
inent of the spine, while in case 8, the well defined, clearly outlined 
disk extension appeals suggestue of a traumatic origin Case 9 piesents 
ati opine oi osteopoiotic ^ertebral bodies m which the mter^ ertebral 
didvs of tlie liimbai segments were still active, and produced a slight 
compression of the bodies 
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CLINICAL SIGNinCANCE 

The lelationship of Eiten ei tebi al disk extensions into the veitebiai 
bodies to clinical signs and symptoms is as >et not definitely established 
Schanz ^ expressed the view that the disk nodes lowei the carri^ing 
capacity of the spine and m effect produce an “msufificient” vertebial 
column, or, as he teims it, an insufificientia veitebrae traumatica He 
maintains that the disk extensions aie of traumatic oiigin, and that the 
clinical pictuie may be explained b)'' the pathologic observations On 
the other hand, Schmoil® said that he feels that the piesence of one or 
moie caitilage nodes does not give use to S3mptoms The contention 
that these nodes dimmish the caii3nng capacity of the spine, he dis- 
missed on the ground that the aiea involved is usualty so small that 
no appieciable distuibance is likely to occui Scbmorl expressed the 
belief that the cartilage nodes in 3'oung adults lead to the earl3'' develop- 
ment of spond3ditis defoinians Mullei," m a lepoit of five cases, found 
symptoms in only those persons showing multiple cartilage nodes in 
the loentgenogiam He maintained that the disk extensions aie not 
pel se lesponsible foi clinical S3miptoms, but that basically a 'iveakness 
01 “msufificienz” of the veitebial bodies exists 


A pieexistmg pathologic condition 01 stuictinal weakness of the 
veitebral bodies appeals to be the undei tying basis of a numbei of 
disk extensions The pi ecipitating iactoi in these cases is iisualh 
tiauma The patient who pnoi to the injury was free fiom s3^mptonis 
soon thereafter develops pam and becomes paitially 01 even totallj 
incapacitated In the lateral loentgenogiam, disk extensions may be 
noted in several bodies, as seen in case 3 (fig 11) 


Muller’s contention that only multiple disk nodes in the vertebial 
bodies give use to symptoms seems inadequate Fiom m3'’ observations, 
inter vertebial disk extensions of traumatic origin, whether single or 


multiple, give rise to clinical signs and symptoms In other cases 
sy’-mptoms arise only when a considerable portion of one or more 
vertebral bodies are invaded In case 4, although moie than one is 
node was found, the area involved was small, and as a result no simp 
toms of the back were present On the other hand, the clmica pic ure 
m case 9 is due to the reduced capacity of the spine, produce arge \ 
by the expansion of the disk substance into the atrophic rerte ra 1^ 

The demonstration of inter vertebial disk nodes ^^no-nitioii 

giams aie of vital significance m medicolegal cases more 

and correct interpretation are imperative The presence 0 
disk nodes in the lateral roentgenogram of a ° p,e=e 

injury to the back may often explain the P 

cases a direct causal relationship between ^ ,^^fore the 

should be assumed to exist, unless roentgenograms 
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injury piesent the same pathologic changes In all cases of painful 
and incapacitated spines due to disk extensions, the tieatment is fiim 
immobilization in a plastei of pans bandage jacket oi by an Albee 
spine fusion 

SUMMARY 

Intel vei tebral disk extensions oi cartilage nodes aie pathologic con- 
ditions of the spine The)'- aie expansions of the elastic intervertebral 
disk substance into the adjacent bodies or into the spinal canal 

In the nine cases repoited, trauma and degeneiative oi aithritic 
changes of the cai tilaginous plate weie the most important etiologic 
factois 

Roentgenographically, the disk extensions are seen as small aieas 
of lessened density oi small defects in the coitical plate and spongiosa 
Traumatic disk extensions into the adjacent vertebial bodies give use 
to clinical signs and sjaiiptoms In othei cases S)inptoms aiise only 
when a considerable area of the bodies is involved 

Intel vertebial disk extensions into the spinal coid occui and may 
pioduce coinpiession of the spinal coid 



ATROPHY AND FIBROSIS ASSOCIATED WITH 
LYMPHOID TISSUE IN THE THYROID 

strujMa lymphomatosa (hashijioto) 
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E P McCULLAGH, MD 
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Hashimoto,^ in 1912, lepoited foui cases of ‘a chaiacteustic kind ot 
chionic inflammation of the thyroid which he designated struma I}niph- 
omatosa He was unable to discover othei cases of a similar nature in the 
liteiatiue We are not aware that any cases coiiesponding to those 
desciibed Hashiinoto have been leported as such since the original 
publication 

Subsequent obseiveis either have failed to recognize oi report tins 
particulai type of lesion, or have ai lived at a difteient interpretation 
The latter assumption seems the moie piobable, since lecent writers- 
haie stated that stiuma I 3 inphoinatosa is the eaily stage of Riedel’® 
struma despite the fact that Hashimoto caiefully considered and defi- 
nitely 1 ejected such a lelatioiiship 

Foiii cases coriesponding in eveiy essential detail with those 
repotted b} Hashimoto have come under obsei ration at the Cleveland 
Clinic These are presented with the hope of stimulating others to 
recoid similai cases 111 order that the condition inaj be recognized as 
an entit}'-, 01 that it ma}’- be brought into a pioper relationship nith other 
lesions of the thyroid characteiized by atrophy of the parenclnina, 
leplacement fibiosis and lymphoid infiltration 01 vith inflaminaton 
processes, bacteiial or otherwise 

On account of the longer intenal elapsing between the first c\ami- 
natioii and the operation in our cases we aie able to contribute to 
Hashnnoto’s original observations the additional fact that the condition 
tends to progress rather than to retrogress at least for a period 0 

" Out case 4 is the first one. so far as we knov m vhich the condi 
tion was coiiectly diagnosed clinically 


•* Submitted for publication June 5 1930 
From the Department of Surgical Pathologi 


and Siirgen of the Clcichnd 


Clinic 

1 Hashimoto, H Zur Kenntnis der 
Schilddruse (Struma limphomatosa). Arch 

2 Ewing. Tames Neoplastic Diseases 
Compain, 192S, p 962 
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REPORT OF CASES 

Case 1— On Dec 14, 1923, a white woman, aged 75, registered at the 
Clinic complaining of a goiter which she had first noticed eight weeks previ- 
ously The goiter had gradually increased in size, the right side more mark- 
edly than the left According to her son, a physician, the swelling ivas not 
accompanied by pain, disturbance of pulse rate or nervousness, the only symptoms 
being vertigo and occipital headaches The vertigo was dependent on the position 
m which the arms and head were placed There was no loss of weight The 
patient had always been active and had not had any serious illness She had 
borne four children, all of ivhom were living Although she had lived for years 
in a district in which goiter was endemic, she had never had goiter, and there 
was no history of goiter in any member of the famih 

Dvaimiiofioji —Examination revealed an elderly, well nourished woman ivithout 
subjective or objective evidence of hj'perthyroidism There ivas no evidence of 
focal infection All of the teeth had been removed and replaced by an artificial 
denture The tonsils were small The heart and lungs were normal The right 
lobe of the thyroid was enlarged and hard, and there was a “rounded nodule’ 



Fig 1 (case 1) — Anterior, mesial and cut surfaces of the right lobe of the 
thj roid 

III the median line The temperature ivas 56 8 F , the pulse rate 60, and the 
blood pressure 120 sjstohc and 80 diastolic The urine contained a trace of 
albumin, an occasional leukocjte, a few mucous threads and many epithelial cells 
The roentgenologist reported that examination of the chest revealed “widening 
of the upper mediastinum, considerable exudative infiltration ov^er the entire 
right lung, particularh m the lower lobe, exudative infiltration over the entire 
left lung, most marked in the apex- The infiltration is not unlike tuberculosis 
but ma^ be the result of circulatory disturbance" The basal metabolism, blood 
counts, and ^Vassermann reaction of the blood Avere not recorded 
The clinical diagnosis was inoperable carcinoma of the thiroid 
Ticatiiicitl and —Roentgen therapy was given o\er the thjroid area 

on December 15 and 16 The patient was sent home with instructions to return 
in from six to eight A\eeks 

On \pnl 24, 1924, the patient reported at the clinic and it was noted that 
-he had reacted well to the roentgen thcrapi Her \oice had been huskj for 
a lew weeks, but she had not experienced disphagia, dispnea or loss of weight 
\ccordmg to the histori, there was “an irregular, nodular, hard enlargement of 
the tlnroid especnih on the right side The gland was well fixed" The tern- 
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perature was 99 3 F, the pulse rate 76. and the blood pressure 114 svstohr ) 
68 diastolic The urine contained an occasional cast and a few leukocues Ti,! 
basal metabolism was not recorded The <Tenpral i i, ^ ^ 

essentially similar to those noted four months previoitslj' '’Altlrash "t™ sm" 
was^thoiitrht to be malignant, there was no evidence of regional or ftam ,„C 

On April 25, the right lobe of the thyroid was resected under nitrous o\ide- 
ov 3 gen analgesia and procaine hydrochloride infiltration After a low collar 
incision, the muscles were separated m the median line without transiersc 
division The gland was enlarged bilaterally, and was hard and fixed about the 
trachea The right lobe was freed and brought out from its position behind 
die trachea It was brittle, and the hemostats broke through without holding 

he left lobe was not disturbed The wound w'as closed around a flexible rubber 
dram 



Fig 2 (case 1) — A, atrophic thyroid vesicles and diffuse hmphoid infiltration 
B, d phagocjdic giant cell engulfing the colloid in a degenerating acinus , C, dense 
interlobular connective tissue and disappearance of the epitheiiuni, reduced from 
a magnification of 600 


Pathologic Rcpoit — The tissue consisted of the right lobe of the 
(fig 1) It weighed 90 Gm and measured 8 cm verticalh, 5 cm transier-c^^ 
and 6 cm anteropostenorly The lobe w'as considerablj enlarged, um 
structure and consistencj' and white, and had the contour of a norma o e 
dence of infiltration bejmnd the limits of the intact capsule was not 
was increased fibrous tissue resistance on cutting The cut sur ace • 
and coarsely lobulated, and very cellular, with a diffuse pi 

stroma Neither normal thyroid tissue, colloid materia, a 
necrosis were recognizable grossh Nothing to suggest ^ lobuk 

Microscopicall}’’, the tissue w'as divided into sma 1 an ar^ ^ ° jlicrc n"'' 

separated by dense fibrous trabeculae of xanable thic pomt oi 

marked atrophy of the glandular tissue and rep areas 

complete disappearance of the epithelium m mam 
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nnik-staimng tbjroid ^eslcles contained a small amount of colloid material (hg 
2 A) The nuclei of the epithelial cells varied consijrabh Some 
and p^knotlC, others nere large and hi perchromatic There was litt e to indicate 
active Inperplasia of the epithelium Mitotic figures Mere not obseried An 



ITg 3 (case 1) — Limphoid tissue with hiperplastic germinal center, X 600 


cMcnsnc diffuse hmphocitic infiltration and numerous localized areas of Umphoid 
tissue with Inpcrplastic germinal centers (fig 3) were present throughout, there 
were also a few scattered multinucleated giant cells of the foreign bodi t\pe 
Some ot these were present m the acini (fig 2 B), apparenth phigoci tosing the 
colloid material There was no eiidence of acute inflammation abscess formation, 
tuberculosis s^phllls or neoplasm 
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Postopeiahve Course —The immediate postoperative convalescence was uncom 
plicated The temperature was slightly elevated, but returned to normal on the 
t urd day The dram was removed on the day following operation, and the skin 
clips on the third day The patient was discharged from the hospital on May 1 
with the wound healed Following operation she w'as given th}ro\!n, winch vas 
to be continued under the direction of her physician 

In September, the patient sustained a fracture of the arm as a result of a fall 
She recovered satisfactorily 

On Feb 12, 1926, a letter from the patient stated “My condition now is 
very good, excepting my voice That is huskj, as if I had a cold I think it 
took nearly a year to recover from my operation Now I feel as well as I did 
ten years ago I lost about 10 pounds but believe I have regained it I began 
ray business activities m a few weeks after my throat healed, but did not feel 
in a normal condition for a year ” 

On Dec 12, 1929, a letter from the patient's son stated “She is very well 
I do not see any signs of hypothj roidism ” 


Commeni — One of us had an opportunity to examine the patient on 
the operating table immediately piecedmg anesthesia It tvas noted that 
the face was swollen, the eyelids puffy and the skin thick and dr}^, witli 
a definite pallor The thyroid was enlarged bilaterally, without 
defoimity of the lobes, and there was no evidence of extension to sur- 
lounding structures or involvement of cervical nodes The thyroid did 
not impress the obseiwer as malignant After examination of the 
excised right lobe, it was suggested that the pathologic picture was 
consistent with clinical myxedema 

Unfortunatel}^, information is not available concerning the amount 
of th}woxm or desiccated thyroid administered to the patient after her 
discharge from the hospital The basal metabolic rate Avas not deter- 
mined preoperatively or postoperatn'^ely 


Case 2—Hisfoty—On Oct II, 1923, a white woman, aged 44, registered 
at the Clinic, with the history that eight months previously facial palsj lia 
developed which she thought might be related m some way to a goiter 
had been present for years At the first observation she was recovering sa i - 
factorily from the palsy She complained of slight palpitation of t e ear < 
dyspnea on exertion She was not particularly nervous, had not os we 
her appetite w'as good There was no subjective or objectne eii ence o 

thyroidism j 

E^aimuafwu— The results of the general examination w^ere 
for obesity, a sty on the left me, probable dental rate 120, 

sized, inactive colloid goiter" The temperature uas 986 h , ue p 
and the blood pressure 120 sj^stohc and 70 diastolic e ’ £ yood 

and reflexes were normal The blood counts. Wassermann reaction 

and basal metabolic rate were not recorded adenonn 

The clinical diagnosis w'as Bell’s pals\ (recovering), 
of the thjroid Operation at a convenient time was advised 
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On Oct 20, 1924, the patient returned to the Chnic on account of pressure 
SI mptoms attributable to the goiter The temperature was 98 2 F , the pulse rate 
64, and the blood pressure 144 srstohc and 66 diastolic The urine contained a 
few leukocytes The patient uas admitted to the hospital for operation with a 
diagnosis of simple goiter 

OpetaUon—On October 22, the lateral lobes and isthmus were resected under 
nitrous oxide-oKjgen analgesia and procaine hjdrochlonde infiltration After a 
low collar incision, the muscles w^ere separated in the median line without trans- 
\erse division The thyroid was enlarged bilaterally and symmetricallj'' There 
w’as a slight increase in vascularity The gland was somewhat paler than normal, 
suggesting the exhaustion tipe of hyperplasia After the resection, the W'ound 
was closed around a gauze dram 

Pathologic Repoit ~Th& tissue consisted of the greater portion of the lateral 
lobes and isthmus of the thyroid, and weighed 120 Gm (fig 4) The right lobe 
measured 8 by 4 bj 4 cm , the left lobe 6 by 4 by 3 cm and the isthmus 4 by 
3 5 by 2 cm The lobes yvere considerably enlarged, the right more so than the 
left The tissue was white and firm The capsule w'as slightly thickened, and 



Fig 4 (case 2) — External and cut surfaces of the right and left lobes Note 
the fine and coarse lobulation 

the external surface y\as finely lobiilated On sectioning, increased fibrous tissue 
resistance ivas noted The cut surface yyas yvhite and finely and coarsely lobulated, 
with an increase of the fibrous stroma throughout No normal thyroid tissue, 
colloid material or adenomatous tissue yvas recognizable grossly There yvas 
nothing to suggest a neoplasm 

Microscopically , the tissue yvas divided into irregular areas by fibrous trabeculae 
of yariablc thickness trayersmg the gland from the capsule The lobular arrange- 
ment of the thyroid was imperfectly maintained In many of the lobules the 
epithelium yyas atrophic (fig 5 A), and in a few it y\as entirely replaced by fibrous 
tissue (fig 5 B) The remains of the acini were present as small clumps of 
lairly large, pale-staimng, yacuolated cells and larger syncytia-hke masses of 
cytoplasm containing seyeral nuclei Many of the epithelial masses contained 
small droplets ot colloid and poorly presen ed acini There yvere extensiye diffuse 
mterlobular and intralobular lymphocytic infiltrations (fig 5 Q and numerous 
large localized collections of lymphoid tissue with hyperplastic germinal centers 
Mitotic figures or other eyidcnce of actiye proliferation of the thyroid epithelium 
was not obsened Occasional multmucleated giant cells of the foreign body type 
were present m the areas m which the thyroid epithelium was undergoing atrophy 
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There was no evidence of acute inflammation, abscess formation, tuberculosis 
sjphilis or neoplasm 

The pathologic diagnosis was atrophj' and fibrosis of the thyroid, uitli extreme 
lymphoid infiltration The pathologic picture suggested the possibilitv of clinicil 
myxedema 

Posfopeiattvc Coitise — The immediate postoperative convalescence was imconi- 
plicated The drain was removed on the day following operation , the skin clips 
were removed on the third day, and the patient was discharged from the hospital 
on tne seventh day, with the wound discharging slightly 

On November 15, the basal metabolic rate wms minus 43 uer cent The patient 
was given 2 grains (013 Gm ) of desiccated thyroid per day 

On Feb 10, 1925, a letter from her physician stated “The patient is feeling 
well, but complains of a swelling of the face and extremities She w'as stil! 
taking desiccated thyroid for relief from the hypothyroidism 



. 

Fig 5 (case 2) -A, degenerating acni and complete 

note the vacuoles and droplets of co^d B 
disappearance of the epithelium. C, diffuse lympi 
nificatioii of 600 


On March 13, 1930, a letter from the ^g^bem^ 

by hot flashes and sweating for eighteen months Ot 

she took one tablet of desiccated thyroid per d ^ ,1 

3 _Hufmy-On Feb 5, 1929, a white ^ ’ f fourteen 
the clinic complaining of a goiter winch increase m 

Four years previously the goiter ear the pressure 

dyspnea and a sensation o c o j d been unable to ic eardne 

had one child living and had had three 
passed SIX vears prewously 
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Examination — Ph3sjcal obsenations were as follows The patient w'as obese, 
w ei^hins 1^5 pounds (90 o Kg 3 She had tnan^ crowned teeth and moderate 
P3orrhea The tonsils were enlarged and the pharj^nx red, but there was no 
general I3 mphadenopath3 The skin w as of normal texture The history stated 
that “the th3roid was greatU enlarged, soft and nodular” The breath sounds 
over the lungs were wheez3 and harsh There were no rales, friction rubs or 
areas of increased densit% The heart was slightly enlarged to the left No 
murmurs were heard The rocal cords were normal The temperature W'as 98 6 
F , the pulse rate 80, and the blood pressure 215 systolic and 150 diastolic 

The urine had a specific gra^ itr ot 1 036 and contained album n and numerou', 
leukocrtes The blood sugar amounted to 96 mg and the blood urea to 30 mg per 
hundred cubic centimeters The Wassermann reaction of the blood w'as negative 
The red blood cells numbered 4,100,000 and the white blood cells 6,800, the 



Fig 6 (case 3) — A.rtists sketch showing the high position of the upper poles 
and extension posterior to the trachea, with distortion and compression of the 
latter 


hctnoglobm was 70 per cent, the neutrophils 65 per cent, the small hmphoc3tes 
'0 per cent and the large hmphocites 5 per cent The basal metabolic rate was 
not determined 

The clinical diagnosis was adenomatous goiter with tracheal compression 
obcMti and piorrhea ahcolaris The patient was admitted to the hospital for 
operation 

Optiahon~On Tebruara 12, the lateral lobes and isthmus avere resected 
under nitrous oxide-oxagen analgesia and procaine In drochlonde infiltration 
\ Iter a low collar incnion the imncles were separated m the median line without 
iransicrw dnision The right lobe of the tlnroid was from four to fire times the 
nornial sire and extended behind the trachea The left lobe was onh <=hghth 
-malkr than the right, and aim extended behind the trachea (fig 6) The wound 
was Icit open and an aenfiaMno gauze pack was applied 
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Pathologic RcPoit -Th + 

lobe'nTeltedTs 7^^ '^sT^S^GnfTg" 7) 

^ cm transversely 6 ('m ’ nght lobe, 9 by 3 hv d , ^ 

^ whole was greatly enlarges a^d 7" ^ 

^ contour of the lobes 



, ^ (case 3) External and cut surfaces of the right and lelt lobes -Note 

the well preserved contour of the lobes 


'vas maintained Numerous fine blood vessels were present in the slighfh tincb- 
ened capsule There was increased fibrous tissue resistance on sectioning The 
cut surface was finely and coarsely lobulated No normal tlnroid tissue, colloid 
material, adenomas, C 3 Sts or areas of necrosis vere recognired grossh There 
vas nothing to suggest a neoplasm 
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IMicroscopicalh , the lobular structure of the thiroid ^^as indefinitelj main- 
tained The lobules uere separated by thick trabeculae of dense fibrous tissue 
A diffuse fibrosis of manj of the lobules (fig 8 c) and well marked atropln and 
degeneratne changes in the epithelium (fig 8 a) uere noted There uas an 
extensive interlobular and intralobular Ijmphocjtic infiltration, also numerous 
large localized areas of Ijmphoid tissue AMth Inperplastic germinal centers J'lam 
pseudotubercles, apparenth resulting from fibrosis and phagocjtosis of the degen- 
erating epithelium and colloid material, were present together with a moderate 
number of eosinophilic leukocjtes, but no plasma cells There were numerous 
large multinucleated foreign bodj giant cells, some of which contained droplets 
of colloid material (fig 8 b') and epithelial debris Mitotic figures or other 
indications of actne proliferation of the epithelium were not obseried There 
was no eiidence of a neoplasm 

The pathologic diagnosis was exhaustion atrophr and fibrosis with hmphoid 
infiltration of the thjroid 



Fig 8 (case 3) — A degenerating epithelium and hmphoid infiltration, B, large 
multinucleated giant cell engulfing the colloid, phagocrtosis of the epithelium at 
the bottom, C, ioung connectue tissue replacing the atrophic epithelium, reduced 
trom a magnification of 600 

Poslopciaiiic Coiiisc— The immediate postoperatii e conr alescence was com- 
plicated b\ infection of the wound, following secondarj closure on the daj after 
the operat on The basal metabolic rate was minus 9 per cent on the ninth post- 
operatue dar There was a purulent exudate from the wmund at the time of 
discharge trom the hospital on the eleventh postoperative dav The patient has 
not been heard from since her discharge from the hospital 

CvSE 4— His/o> 3 — On JuK 11, 1929, a white woman, aged 72, was seen in 
consu tation with reference to a goiter that had been considered malignant bv otner 
consultants The following Instorv was obtained 

Six months previouslv, following an attack of “influenza,” she had noticed 
a painful enlargement of the thvroid associated with tenderness over the gland 
with lever At the onset the goiter had been sott, but gradualh n had become 
iiirci and had remained so 
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Examination was moderate uniform bdateral enlargement uifhoiit 
evidence of hyperthyroidism or interference with deglutition or respiration 
Inspiratory stridor however, was marked The gland was hard tlirongliont 
closely attached to the trachea and not adherent to surrounding structures The 
lobes had a normal contour and there were no nodules, thrill or bruit Cenical 
and general mphadenopathy were absent The lower extremities were shglith 
edematous The only roentgenographic observations m the chest were enlarcre- 
ment of the heart and fibrosis in the lulus of each lung There was no CMdence 
of metastasis 

The clinical diagnosis was thyroiditis (struma lymphomatosa) Operation 
was advised 


Second Exammahon On November 6, the patient returned to the clinic, 
having had no treatment since the previous examination The additional data 
obtained were as follous She was born in Ireland, came to the United States 
at the age of IS, and had lived in Cleveland ever since She had never had 
goiter, and there was no history of goiter in her family The patient was obese, 
weighing 189 pounds (85 6 Kg ) The temperature u'as 98 6 F , the pulse rate 
84, and the blood pressure 135 systolic and 100 diastolic Since the previous 
examination there had been further enlargement of the thyroid, particularlv on 
the right side The inspiratory stridor was more marked, and the voice had 

become husky Laryngoscopic examination revealed evidence of pressure on the 
larynx anteriorly, obscuring the arytenoid folds The vocal cords were normal 
Roentgenograms of the chest showed enlargement of the heart and marked pneu- 
mocardiac fibrosis in the lungs A blood count showed red blood cells, 3,750,000, 
white blood cells, 5,200, hemoglobin, 70 per cent, neutrophils, 65 per cent, small 
lymphocytes, 30 per cent, and large lymphocytes, 5 per cent The Wassermaiin 
and Kahn reactions of the blood were negatwe The blood sugar content was 
99 mg and the blood urea, 24 mg per hundred cubic centimeters The basal 
metabolic rate was plus 18 per cent The kidnevs excreted 65 per cent of plicnol- 
sulphonphthalein m two hours Roentgenograms of the teeth revealed pvorrhea 
and dental caries 


Opel atwn — The patient consented to operation and was admitted to the Iios- 
pital, where repetition of the basal metabolic test and blood count revealed tiie 
following basal metabolic rate, plus 21 per cent, red blood cells, 4,140,000, wliile 
blood cells, 9,100, hemoglobin, 70 per cent, neutrophils, 67 per cent, small hmpho 
cjtes, 30 per cent and large Ij^mphocytes, 3 per cent 

On November 11, the left lobe of the thyroid was resected under mfrom 
oxide-oxygen analgesia and procaine hydrochloride infiltration After a o« 
collar incision, the muscles were separated in the median line without 
division The left lobe was exposed and found to be hard, an 
enlarged about six times the normal size, with preservation of t le ^ re^ec- 

There were no adhesions between the lobe and the adjacent tissues ur 
tion of the left lobe it became necessary to divide the pregan u ar 
versely in order to deliver the upper pole Since operation was u 
relief from obstruction and the lesion was found to be ’ ..a/clovcd 

sidered unnecessary to resect the enlarged ^ gnvn 

around a rubber-tissue dram A transfusion of oOO cc ot 
shortb following operation ^l,e 

Pathologic Repot t— The tissue remov ed consiste oi m 

thvroid, the weight was 105 Gm (fig enlarged and tK 

transverselv and 6 cm anteropostenorlv The lobe = coarsch irrecuhr 

was maintained The externa sur qj niu^cle ti i’- 

The capsule was thickened, and a small amount 


but not nodular 
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case 8, following influenza “ the onset of symptoms was associated with 
an inci ease in the size of the goiter, pam, tenclei ness and fever P ossibly 
the longer duration of the goiter and symptoms in oui cases as com- 
paied uith those of Hashimoto may be lelated in some way to lesidence 
in a goitrigenous district 


Stiuiiict L\inphoinatosa (Haslitiiioto) A Compilation of Clinical Data fiom 

Eight Caies 


Ca‘^e Pate 



Ohnieal 

rxammed, 

buthor 

Sex 

Puration 

Age 

Symptoms 

Diagnosis 

1 

IGl 

Goiter 7 months 

Struma 

11/21/07 

Hashimoto 


no symptoms 

yyarenthy 

matosa 

0 

F40 

Goiter 40 days, 

Struma 

5/30/09 

Hashimoto 


symptoms 30 
days, dysplionia, 
Ge idache, dis 
turbed appetite 

maligna (’) 

3 

Tjj 

Goiter and sy mp 

Struma 

G/19/05 

Hashimoto 


toms 1 month, 
headache and 
sense of constric 
tion about 
shoulders 

flbi osa 

4 

r43 

Goiter 3 days 

Struma 

0/19/07 

H isliimoto 


no sy mptoins 

fibrosa 


Opention 

11/22/07 

B\l'»tcTal 

resection 

7/2/09 

Bilateral 

resection 


postoperative Course 

Patigue and hoarseness following 
operation, 3/7/11, Mcl’ 


Woahness and inability to norh 
for 9 months 1/27/11, face 
anemic, moderately nourished, 
ant-vlostomiasis 


G/20/05 
Bil iteral 
resection 


10/20/07 

Bilateral 

re=cction 


5 

12/11/23 
Gnlnm ind 
lltCuIIagh 


1 73 


0 

10 ' 11 ' 2 '' 
Graham and 
McCullagh 


ri3 


7 

2/3/29 
Graham and 
McCullagh 


P3Ij 


Goiter and symp 
toms S weeks, 
headache, lertigo 
hoarseness ifter 
roentgen treat 
inent 

Goiter many 
tears stmp 
toms of press 
sure, palpita 
tion, dyspnea 

Goiter 14 years, 
increasing 4 
years, dyspnea 
and choking 
sensation 


Hoarseness, weakness, anorexia, 
coldness, recurring edema im 
proy cd bv thyroid therapy , 
3/20/11, slight hoarseness, no re 
currence of goiter 


Persistent weikness and edema of 
face recurrence and regression 
of goiter, 0/10/11, voice husky , 
thyroid swollen and firm 

Voice husky hvpothyroidism re 
lieycd by thyroxin rccoyery in 
one year, 12/12/29, well 


Oarcmoma,m 4/25/24 
operable, Rcsec 
roentgen treat tion 
ment, opera right 
tion 4 months lobe, B t 
later 90 Gm 

Adenomatous 10/22/24 Hypothyroidism, basal metabolic 

f-oitei Bilateral rite -41% improacd by desie 

resection, cated thyroid, 3/13/30, symptom 

Wt 120 Gm free on one tablet daily 


Adenomatous 2/12/29 
feoitei, with Bilateral 


Trace lost 


out hyper 
thy roidism 


S 172 Goiter 14 months Struma 

7/11/29 symptoms 6 lymphoma 

Gr iham and months (folloyy tosa 

JleCullagh ing influenza) 

pam, tenderness, 
feyer stridor ind 
husky yoice 


resection, 
Bt 175 Gm 


11/11/29 Recent case, gradually improy 
Resection mg, basal metabolic rate 
left lobe, 12/6/29, -r20%, 1/30/30, + 11 % 
B t 105 Gm 


The symptoms associated w ith the goiter hai e been variable, incon- 
stant and, B ith feB' exceptions, not pronounced In tB'o cases, 1 and 4, 
tlicie B^eie no S}mptoms other than the goiter In the remaining six 
cases the folIoBuig symptoms yvere recorded headache in 3 cases 
yeitifio in I, palpitation m 1 disturbance of appetite in 1, pain, tender- 

3 This IS tlic only case m the senes in yyhich a definite history and physical 
sieiis of an acute intection yycre associated yyith the onset of the symptoms 
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ness and fever in 1, a sense of constriction in the shouldeis in 1 hoaise- 
ness in 1 (following loentgentheiapy), dysphonia in 2, inspuatori 
stiidoi in 1, dyspnea in 2 and a choking sensation in 1 The symp- 
toms noted might be asciibed almost entirely to compiessiou 8) 
by the enlarged, haid thyroid It is apparent that theie weie no symp- 
toms sufficiently distinctive to be of diagnostic importance 

Well defined symptoms of hyperthyioidism have been absent in all 
cases Painstaking inqiiir}' into the past histoiy in two of om cases 
failed to reveal any indication of antecedent hypei thyroidism 

H 3 '^pothyroidism was not lecognued at the fiist examination oi dur- 
ing the intenal (up to one 3 ^eai) between examination and opeiation 
in any of the cases In two of oui cases (5 and 6) maiked hypothyroid- 
ism followed opeiation In neithei of these do w^e know ■whethei or not 
the hypoth 3 a oidism was present before operation There are reasons for 
believing that it was piesent in case 5, m which roentgen therapy ivas 
instituted four months prior to operation In Hashimoto’s case 3, 
S 3 nnptoms and signs suggestive of hypothyroidism were noted follow mg 
operation These S 3 anptoms decreased on admmistiation of a prepara- 
tion of thyroid gland In other cases m the series, symptoms suggestne 
of hypothyroidism were noted, but the records aie not complete enough 
eithei to establish oi to exclude the condition 

All of the cases m oui senes occuired m women who w^ere ovei- 
nouiished oi obese One of Hashimoto’s patients was desciibed as 
corpulent, twm were moderate^ well nouiished, and one was of large 
stature There was no indication that weight was particularly increased 
wnth the onset of the goiter oi the S 3 anptoms Notable loss of weight 
and emaciation were not observed 


Chronic oi focal infections rveie noted as follow'S leukorihea for 
twent 3 '' 3 ^eais m Hashimoto’s case 2, questionable dental infection m 
our case 2, p 3 ^onhea alveolaiis, enlarged tonsils and a led phaniix in 
oui case 3, and p 3 '^orrhea and dental canes in our case 4 

Tuberculosis and syphilis weie excluded clinically m all of Hashi- 
moto’s cases In one of these the tuberculin and Wassernianii reactions 
were negative eighteen months aftei operation There w^as no 
evidence of syphilis m any of our cases The Wassermann 
was negative in two of these and not recorded m twm 
cases loentgenogiaphic examination of the chest sugges e i 
ity of pulmonaiy tuberculosis, but in each case an a ei 
pi eta ti on was equally rvaii anted , 

Distui bailees of the cai diovascular with the 

activity or incompetence, ha^e not been prommen } . penoniena as 
clinical couise of the disease prior to opeia loi 1 

.eneial w^eakness, d 3 spnea on exertion, edema of the lowe 
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aitenosdeiosis and the piesence ot a tiace of albumin, occasional casts 
and a few leukocytes in the uniie weie not moie frequentl) encounteied 
or of gieatei intensity than might be expected m an equal numbei of 
patients of similai age In three of our cases the blood piessuie did 
not exceed normal limits In one case (our case 3), at the fiist exami- 
nation the piessure was recoided as 215 systolic and 150 diastolic and 
a tentatne diagnosis of hi'pertonus uas made On the patient’s admis- 
sion to the hospital the same da), the piessuie was 170 sistolic and 
106 diastolic Two da)S latei it uas 164 S)stolic and 100 diastolic 
Pieceding operation five days latei, it was 130 sistolic and /O diastolic 
It remained noimal after opeiation 

The accompaii) mg table indicates the clinical diagnoses made and 
the operations pei formed in the eight cases One of Hashimoto’s cases 
was thought to be malignant, and in all ot oui cases the question ot 
mahgnanc) was laised either pieopeiatn el) , at operation oi by the 
pathologist One of our patients uas thought to hare an mopeiable 
caicinoma In our fourth case the goitei had been consideied by other 
consultants to be malignant The consistenc) of the goiter moie than 
am other feature suggested the possibilit) of a malignant neoplasm 
At the same tune, the absence of definite indications of mahgnanc) 
such as extension beyond the capsule, imolvement of cervical hmph 
nodes and evidence of distant metastases indicated clear!) the necessit) 
of consideiing in the difterential diagnosis some type of chronic tlnroid- 
itis 01 Riedel’s struma 

At opeiation in each of oui cases the suigeon was coniionted uith 
the pioblem of detei mining whethei the lesion was a diftuse caicinoma 
a hmphosaicoina, a Riedel’s struma oi a nonspecific t)pe of thyroiditis 
In none of these is it usual to find a uniform bilateral enlargement of 
the th)ioid without defoimit) of the lobes and without adhesions to 
suiiouudnig structures These ph)Sical features distinguish struma 
I) mphoniatosa from all of the aforementioned lesions 

Technical difficulties nith the operative procedures hare not been 
pionounced, principally because of the lack of adhesions to overlying 
stuicluies The glands have been close!) attached to the tiachea, and 
in some instances have extended high in the neck and posterioi to the 
tiachea (fig 7) For these reasons dislodgement of the lobes is difficult, 
but mar be facilitated bv tiansreise dnision of the muscles (our 
case 4) Hemoirhage during opeiation has not been alarming Bilateral 
lesectioii IS piobabh the procedure of choice, although a resection of one 
lobe rebel ed the condition in our first case, and uas pei formed m our 
hs. case too lecenth to eraluate the result 

Except for li\ pothi loidism (iide supra) the occurrence of uhich 
Mc would emphasize particulaiK postoperatne complications and 
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^quelae have not been senous Oui expenence is in accord w.tli 
Hashimotos observation that huskuiess of voice is peisistent and dis- 
tressing In none of the cases has paialysis of the vocal cords been 
noted 

Restoration to health has been slov m all cases Recover}^ required 
about one j^ear in Hashiinoto’s cases Oui expeiience is in accord with 
this observation We cannot uige too stiongl}^ that hj'pothyroidisni be 
taken into consideiation in all cases following operation It seems 
probable that the administiation of thyioxin or desiccated thyroid should 
hasten recovery, as it has been distinctly beneficial in two of our cases 
and in one of Hashiinoto’s 


Opportunities foi obseiving the natuial course of the disease have 
been limited Not inoie than one month elapsed between the first 
examination and the opeiation in an)' of Hashiinoto’s cases In none 
of these were notewoith)' changes in the goiter oi in the symptoms 
recoided duiing this mtei\al In two of oui cases (1 and 4) the 
opeiation was performed four months after the examination In each 
of these the symptoms inci eased in seventy, and m one the goiter 
increased in size In a thud case (case 2) the operation was performed 
one 3 eai after the examination, and dm mg this interval the symptoms 
became nioie pronounced, although any notable change in the goitei was 
not recoided It appears, therefoie, that the condition tends to progress 
rathei than to retrogress, at least for a period of one year 

The pathologic observations m the eight cases were singularly m 
accord The photogiaphs and photomiciogiaphs represent the process 


as obseived m oui cases (figs 1 to 10) 

Macroscopically there was uniform bilateral enlargement of the 
lateral lobes and isthmus of the thyroid The gland as a whole mis 
usually seveial times largei than noimal (see table for weights) and 
ivas closel)' attached to the trachea The capsule was intact, and vas 
not adherent to overl 3 'mg stiuctures In all parts a lelatuel)' norma 
contour was maintained The gland was white and firm or har on 
cutting into It, the lesistance seemed comparable to that 
hvei OI hbromyoma of the uterus The external surface was ne n an 
coarsel)' iiregulai and without definite nodules The cut sur ac ^ ‘ 
divided into irregular areas of firm white tissue by fibrous 
variable thickness passing into the gland from the capsule T le 
ture was uniform throughout the entire organ In none o 
weie we able to recognize normal thyroid tissue or co 
grossly Theie were no nodules, tumor masses adcnoi c 
of calcification, abscesses or noteworthy areas j ere not 

laii/ation of the tissue was not great The blood vessels 


piomment oi paiticularly scleiotic 
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Microscopicall} the four patients examined by the authors had in 
common well marked atrophy and degeneratne changes m the 
epithelium, marked diminution m the colloid material, replacement 
fibrosis, extensive diffuse lymphoid infiltration and localized areas of 
lymphoid tissue n ith h} perplastic germinal centers, fibrous thickening of 
the capsule and marked increase of the interlobular and intralobular 
connective tissue In none of our cases was there evidence of acute 
inflammation, abscess iormation, tubercles, caseation or gummas 
There was nothing to suggest a neoplasm of any kind These obser- 
lations, we beheie, are in accord with those of Hashimoto Fuither 
details as to the histologic variations in the individual cases aie to be 
tound in the case reports 

Macroscopically and microscopically, the process was such as to 
suggest that the thyroid was affected univei sally rather than in localized 
aieas 

COMMENT 

The nature of the process under discussion is obscure No single 
clinical or pathologic feature of the condition is characteristic or 
pathognomonic It is only when the record of the individual cases and 
ot the series of cases as a whole is considered that the composite picture 
becomes sufficient!}" impressn e to suggest that one may be dealing with 
an entity that hitherto has not received the attention it deserr es 

A critical review of the case reports suggests that such clinical 
phenomena as have been observed are late manifestations of a well 
advanced pathologic alteration m the th}roid The anatomic condition 
ot the gland cannot be reconciled otherwise with the shoit clinical 
histoiy Neither the incipient stage nor the natural end-result has been 
lecognized with certainty, and the condition has not been observed at 
autopsy, so far as we know 

An acceptable explanation of the pathogenesis of the changes in the 
tin roid is not apparent It would be simple enough to follow the line 
ot least resistance and agree with one of the prevailing views namely, 
that stiuma 1} mphomatosa is the early stage of Riedel’s struma A 
leview of the literature and personal experience with both t}pes of 
lesions have inclined us to the view that the}" are quite dissimilar 

Riedel's struma more nearly approaches a true inflammation than 
does the lesion described by Hashimoto In the majority of cases 
Riedel’s struma occurs in persons under 40 years of age almost 
iin ai iabl\ the tin roid becomes adherent to surrounding structures and 
the ccivical tissues are usually extensivel} iinolved, eien to the point 
of complete encasement of the carotid sheath and its contents practicalK 
alwais It IS a deforming lesion and the outlines of the thiroid lobes 
are lost it is frequent!} a unilateial or localized process , it is general!} 
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surgically inemovable, it is usually associated with marked piesstiic 
symptoms, m many cases there are objective indications of long-stanclin- 
goiter, notably m the foim of adenomatous nodules and adenomas In 
all of the foregoing lespects Riedel’s struma is in staking contrast to 
stiuma lymphomatosa In view of such clearly defined difiereiices 
It is difficult foi us to undei stand why it should be necessaiy to con- 
sider stiuma lymphomatosa as the early stage of Riedel’s stiuma It 
seems improbable that the earl}^ stage of a lesion should occui late in 
life and the late stage eaily in life 

From all standpoints, the natuie and extent of the changes in the 
thjnoid in struma Ijnnphomatosa aie fai more suggestive of an end- 
result the cause of which is to be sought in a constitutional distuibance 
Except foi the degiee and chaiacter of the constantlj^ accompanj mg 
Ijmphocjdic infiltiatioii and Ijnnphoid tissue, the process impresses us 
as a scleiosis, possibly comparable to ciiihosis of the liver or to nephro- 
scleiosis The fibiosis maj^ be looked on as the natural lesult of atiopln 
and degeneiation of the glandular tissue The cause oi causes of the 
pnmaiy paienchjnnal changes constitute a problem foi futuie determi- 
nation The usual explanations for scleiosing piocesses are exhaustion 
fiom oveiwoik without an adequate peiiod foi lecovery, inteifesence 
with nutiition as a lesult of cii dilatory or tiophic disturbances, and 
intoxications All of these have as a primary effect degeneiative changes 
in the cells oi tissue, and fibiosis follows 

The l3anphocytic mfiltiation and hj'pei plastic Ijmphoid tissue associ- 
ated with the Hashimoto type of lesion is worthy of paiticular attention 
That it IS not specific is indicated by the fact that theie appeals to he 
no essential morphologic diffeience between the lymphoid tissue associ- 
ated with struma lymphomatosa and that occuning in such diverse 
states as status Ijmphaticus, hypothyroidism, endemic goiter and In per 
thyioidism Of these four constitutional disorders, the lymphoid tissiu 
in the thyioid in cases of hyperthyi oidism more nearly resembles tiat 


observed in stiuma lymphomatosa 

We are awaie that hype i thy roidisin has not been recognize in an 
of the cases leviewed in this papei Were it permissible to «^nme « 
antecedent hypeithyroidisin, hower^er, an explanation of the pa iOj,e 
of stiuma lymphomatosa rvould not be difficult rn)di=:iii 

It . recogn..ed that an n,s,d,o„s trans.t.on W 
to hypothyroidism and myxedema may occur correspond' 

thyroid undergoes exhaustion, atrophy anc tnistuortln 

to the so-called buined-out exophthalmic goiter „ under oh'cr- 

mdications that many cases puisne such a course anc 

cation with the sjunptoms of my^xedema ^ 'after icar ue art 
antecedent hypei thy roidism unrecognized iCc 
increasing!}'’ impiessed with this fact 
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In Anew of the foiegoing considerations, it may be prematme to 
exclude hyperthyroidism as a possible precursor of struma lympho- 
matosa It is obvious that further expeiience is necessary before definite 
conclusions as to the etiolog}'^ and pathogenesis can be drawn 

Pending the accumulation of further data, it seems not unreasonable 
to expect that the clinical recognition of struma lymphomatosa (Hashi- 
raoto) will increase if the striking peculiarities of the lesion are borne 
m mind These may be summarized briefly as follows (1) uniform 
bilateral firm or hard enlargement of the th 3 T 0 id without notable 
defoimity of the lobes and without definite nodules, (2) close attach- 
ment to the tiachea without adherence to overlying structures, (3) occur- 
lence m uomen in middle life oi later, (4) absence of sjmptoms other 
than those that may be ascribed to moderate compiession of the trachea, 
(5) absence of involvement of regional l 3 mph nodes oi evidence of 
distant metastases, (6) absence of impairment of the general health and 
(7) absence of signs of local inflammation 



CARCINOID TUMORS OF THE SMALL 
INTESTINE 

H HAMILTON COOKE, MD 
Fellow in Surgery, the Mayo Foundation 

ROCHESTER, AIINN 

iheie aie two anatomic canelies of caicmoma of the smaiJ uites- 
tme adenocaicinoma and caicinoid tmnoi The foiniei is moie com- 
mon than the lattei, but both types aie laie The histogenesis ot 
caicinoid tumois is obscme, and their clinical course is not geneialh 
understood Many mvestigatois have consideied them benign, )et a 
ntimbei of cases in which metastasis occuried have been lepoited 

The puipose of this study is to lepoit 11 cases of caicinoid tmnoi s 
of the small intestine that have not heietofoie been lepoited and to 
summaiize the liteiatuie on the subject Since metastasis was picsent 
m 3 cases, the senes is duided into a malignant and a benign gioiip 

MALIGNANT LESIONS ^ 

C v&i 1 — H isloi y — A man, aged 67, had been operated on for cholelithiasis 
three ) ears previous to admission During the last year he had had persistent 
diarrhea with frequent, thin, watery stools A dull, aching epigastric pain and 
a feeling of fulness had been present for an indefinite period The appetite liad 
been poor for the two weeks before death 

Necropsy showed strong fibrous adhesions connecting the liver, gallbladder 
trans\erse colon and anterior wall of the abdomen The append'v was retrocecal 
and normal The mesenteric lymph nodes at the root of the mesenten acre 
■enlarged and fused into a large, irregular mass The liver was greatly enlarged 
weighing more than 2,500 Gm The surface was somewhat nodular Gniisii 
masses, about 8 cm in diameter, projected several millimeters from the surface 
These nodules were scattered throughout the liver, but uere especially numerous 
in the right lobe Many small nodules, from 2 mm to 1 cm in diameter, cou e 
seen just under the capsule of the liver The nodules bad slightly 
margins, which were sharply defined The centers of some of them uere 
depressed On section, large grayish-j'ellow circumscribed masses uerc seen, 
replaced a large part of the parenchjma of the liver Some of the T\\ith 

showed cvsthke areas from 1 mm to 1 cm m diameter These uere > ec 
a translucent, gelatinous material 

In the upper part of the ileum was an ulcerated mass about 2 cm ^ 

The margins were raised several millimeters abo\e the surface o m 

Submitted for publication, April 11, 1930 

Abridgment of thesis submitted to the Facultr of the Graduate 
the Universitv of Minnesota in partial fulfilment of the reqtureme 
degree of Master of Arts in Pathologi, December, 1929 

1 Cases 1, 2 and 4 are from the Department of Patliolog', 

Aliimesota, cases 3 and 5 to 11 are from the Mi'o Chmc 
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The center was ulcerated to a depth of 3 mm The serosa opposite the lesion was 
thickened, glistening white and contracted At one end of the mass at the root 
of the mesenterj’^ was a large calcareous nodule The other portion was composed 
of graj islwyellow, firm tissue similar to that found in the liver 

Microscopic examination shou ed a compact mass of tissue replacing all the 
layers of the wall of the intestine There was a large amount of fibrous tissue 
throughout the tumor The inner zone was composed of numerous acini-like 
spaces and a few solid masses of cells The acini-like spaces were large and were 
composed of two or more layers of cells The lumina were round, oval, fusiform, 
or completely irregular Goblet cells, Paneth’s cells, acidophil cells or chromaffin 
cells could not be distinguished The cells which formed the acmi-like spaces and 
masses were peculiar, atypical, epithelial cells which had a superficial resemblance 
to the cells of Lieberkuhn’s crypts In shape they were low cuboidal, quadrilateral 



Fig 1 (case 1) — Metastatic tumor in the liver from carcinoid tumor of the 
ileum (X dOl 

or pohhedral The cells laried only slightly in size The basophilic citoplasm 
was usialK scantj, homogeneous and clear The large nucleus was round to 
shghth oral The nuclear membrane was prominent and coarse The nucleus 
was rcsicular and contained a moderate amount of punctiform chromatin The 
solid masses of cells were composed of densely packed, small, similar pohgonal 
cells Mitotic figures were rare There was considerable infiltration of lympho- 
c\tcs and plasma cells The moderateh loose reticular stroma was composed of 
colhgcnoiis fibers The middle zone of the tumor contained onh a few' small 
acim-hkc spaces The cells were arranged in irregular blocks and masses In 
some masses the peripheral cells were of a cuboidal or low cjlindnc shape but 
most ot them were pohgonal The cells were frequeiith so' crowded that the 
miclu were in contact The stroma consisted of thick bundles of coarse collagenous 
fibers that enclosed the groups of cells m a netlike meshwork Onh a few small 
musck fibers ncre present Tliere was no leukocitic infiltration 'in the outer 
zone near the serosa the sohd groups or cells were flattened into columns that 
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Fig 2 (case 1) — Primary lesion of malignant carcinoid tumor of the small 
intestine, arrangement of cells m columns (X 40) 
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thm strands or irregular cords of cells The columns seemed arranged in a 
so’meuhat parallel fashion Touard the serosa, the masses of cells tapered into 
a blunt point, there uere occasional small aheolar masses The cells were 
similar in appearance to those m the middle zone 

The metastatic nodules in the Iner Avere rounded, sharph circumscribed masses 
of cells which compressed the adjacent parenchjma of the liver into atrophic 
bands Each nodule consisted of numerous large, irregular sheets of cells In 
or near the center of the largest sheets, there A\as either a capillar 3 ’' or a rounded 
space filled with a homogeneous smooth acidophilic mucinous substance In other 
masses of cells there A\ere irregular areas of central degeneration of Aariable 
size and shape Capillaries were often seen in \arious parts of the masses The 



Fig 4 (case 2) — \ second primarj nodule at the site of the anastomosis 

indnidual cells were poljgonal and appeared identical to those in the primarj 
lesion The sparse stroma formed a loose incomplete network about the masses 
of cells, but did not encapsulate them A. few Aessels ran m the connectne tissue 
between the masses (figs 1, 2 and 3) 

C\si 2—Histo)\—X woman, aged 65, was admitted to the hospital complain- 
ing of hek ot appetite, belching of gas, nausea, lomiting, epigastric pam, flatulence, 
constipation and general weakness Eight weeks before admission, the patient 
had been awakened during the night bj intense pain in the middle of the epigastric 
region The pam A\as sharp, intermittent and cramplike The patiem was 
nau‘:eated but did not a omit Some reliet was obtained b\ drawing up the knees 
on the abdomen The attack disappeared m lour hours Three weeks after the 
first attack ^he had a -erond attack oi serere pam, but at this time she Aomited 
a Acllowish fluid \iter a -hort time the seAere pam changed into a constant dull 




F)g S (case 2) — Metastatic nodules in the hver 



(X40) 
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epigastric ache The appetite became poor She had lost SO pounds (22 7 Kg ) 
in weight during the last six months There was a moderate amount of belching 
The patient appeared to be undernourished and anemic The abdomen Avas 
distended and tympanitic The edge of the liver was felt just below the costal 
margin The results of examination of the urine were negatne 

Exploratory operation disclosed a mass in the distal part of the ileum w'hich 
produced obstruction Other masses were found in the mesentery' and on the 
surface of the Iner These masses w'ere belier'ed to be metastatic from the primary 
tumor in the ileum The tumor in the ileum was remored bv resection, and a 
side-to-side anastomosis w'as performed between the proximal and distal segments 
In the ileum a hard, fibrous, jellowush-gray nodule 16 mm in diameter projected 
into the lumen for a distance of 14 mm , producing almost complete obstruction 
The nodule, on section, was found to be composed of a submucosal hard mass 
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Tig 7 (case 2) — Afahgnant carcinoid tumor of the ileum (X 450) 


w’ltii nil agination of the wall of the ileum The serosal surface w'as rough, 
thickened and infiltrated Tne dais after the operation the wound became 
suppuratne The patient died fourteen days after the operation 

At necropsy a second hard, fibrous, submucosal nodule 8 mm in diameter was 
found about 12 cm from the site of the tumor which produced obstruction The 
gross appearance of the two tumors was similar The regional hmph nodes were 
enlarged On section the\ were found to be composed of hard, aellowash tissue 
In the mesenterA, about 7 cm from its attachment to the ileum, there w'as a hard, 
nodular lellow tumor which measured 4 cm in diameter Underneath the capsule 
of the h\cr were numerous small aellowish-white nodules which measured from 
2 to 6 mm in diameter The mass which was felt on the Iner at the exploratory 
operation and belie, od to be metastatic was found to be a simple cist 6 cm m 
diameter The substance ot the Iner was filled with numerous small nodules from 
1 to 10 mm in diameter In the middle of the right lobe was a sharph cir- 
cumscribed liard, lellow tumor 4 5 cm in diameter 
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The inicroscopic examination of sections from the primary and metastatic 
nodules showed the structure to be composed of the atypical epithelial cells of 
carcinoid tumors 

A diagnosis was made of carcinoid tumor of the ileum with metastasis to the 
regional lymph nodes, the mesentery, and the liver (figs 4 to 7) 

C\SE 3 — Hufoiy — A man, aged 60, complained of hourly attacks of pain in 
the epigastrium The pain radiated to the lower left quadrant of the abdomen 
and was followed by moderate residual discomfort On general examination, 
nodular masses were found in the right and left upper quadrants of the abdomen 
The s 3 stolic blood pressure was 94, and the diastolic 70, measured in millimeters 
of mercury The hemoglobin was 78 per cent and the leukocytes numbered 5,800 
The results of roentgen-ray examination were negative While the patient was 
under observation, severe abdominal pain and general tenderness developed 



Fig 8 (case 3) —The argentaffine reaction m the primary lesion of a mah« 
carcinoid tumor of the ileum (X 160) 


suddenlv Ou exploratory laparotomy, The patient died the dav 

abdominal cavity The perforation was not localized 

after the operation from 0 5 to 1 5 cm 

At necropsy, nrnlt.ple, firm, elevated, submucosal nml» e . 
m drameter, were found rn the rleum and of the lumm 

appeared large enough and close enough P d thickened wd 

The ileum for a distance of 20 cm was d complete necrosis The 

grayish black, and at some areas there vvas attachment oi 

mesenteric nodules dramrng ° 3 „“tld°mass 45 cm m dtamelcr 

the mesentery there was a single, hard, enmps The 

The cut surface of this mass was composed of L ^ular hne and weighed 
hver evtended 7 cm helow the costal “’“■'S'” ” “'"“cm 

3,200 Gm On the hrer showed mam nodulea rr.m 

from 1 mm to 3 cm in diameter Un sect 
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0 5 to 6 5 cm m diameter, scattered throughout the organ in an irregular fashion 
The center of many of the largei nodules appeared somewhat soft 

Microscopic examination of the tumors in the wall of the ileum, in the 
mesentery and in the liver showed them to be composed of undifferentiated 
polygonal or round, somewhat basophilic, epithelial cells, ananged m columns, 
cords or irregular masses The stroma of the tumors in the ileum was composed 
of bundles of smooth muscle fibers and coarse collagenous connective tissue fibers 
The metastatic nodules were all definitely encapsulated 'Ihe stroma was small 
in amount and consisted of a few bundles of collagenous connective tissue fibers 
(figs 8 and 9) 

BENIGN LESIONS 

Case 4 — Ihsfoty — A woman, aged 52, had had an attack of severe, griping, 
diffuse abdominal pain on Feb 3, 1929 She was not nauseated and did not vomit 



Fig 9 (case 3) — The argentaffine granules in the cjtoplasm of a malignant 
caicinoid tumor of the ileum (X 1,200) 


She w ciglied 200 pounds (90 7 Kg ) The abdominal v all vas rigid There was 
slight general abdominal tenderness The systolic blood pressure avas 125 and the 
diastolic 90 Complete relief followed the administration of several enemas and 
one Inpodcrniic injection of morphine 

The patient was not seen again until June 29 She then had a sudden attack 
of scaeic cruiiplike, excruciating pain across the abdomen The pam was slightlj 
more marked about the umbilicus and was intermittent Eaery three to four 
minutes It reached maximal intensita which lasted for one minute A hapodermic 
injection ot morphine gaao relief for four hours The pam then recurred and 
was associated with moderate aoimtmg The aomitus was stained with bile The 
hapodermic injection ot monilnne was repeated The leukocates numbered 12 000 
The abdominal pam became so intense that a third injection of morphine was 
requned four hours after the second dose This gaae relief for about twelae 
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hours The bowels had not moved since the onset of the attack A second 
evannnation of the blood show’ed erythrocytes 4,300,000, leukocytes 12,400 and a 
negative differential count The urine ivas normal 

On June 30, laparotomy was performed There was considerable free serous 
fluid in the peritoneal cavity The serosa of the small intestines appeared some- 
what injected In the ileum about 60 cm from the ileocecal valve, there was a 
circular scarlike contraction wuth a central lumen about 8 mm in diameter The 
ileum above this marked obstruction was definitely dilated, below' it was empty 
and collapsed Enlarged mesenteric lymph nodes were neither visible nor palable 
The appendix and all other organs inspected appeared normal Jejunostomy w'as 
done The obstruction, wuth a small piece of adjacent intestine, was remoied 
The patient died about tw'enty-four hours after the operation, apparenth from 
pneumonia Xecropsy w'as refused 

The primary tumor consisted of a firm, fibrous mass in the submucosa winch 
encircled the lumen of the ileum The mucosa oier the upper third of the growth 
W'as ulcerated The mass w'as composed of sheets, columns and masses of 
poljhedral cells similar to those described in case 3 In a few sections there were 
a number of rounded masses or clumps w'lth a central irregular space which 
suggested an acinar arrangement The largest solid masses of cells were found 
near the serosal surface of the tumor There w'as no infiltration of leukocites 
The abundant stroma w'as formed by compact, interlaeing, coarse bundles of 
collagenous fibers 


C’iSE S — History — A man, aged 72, had bad several attacks of severe pain 
m the low'er part of the abdomen during the last year before admission to the 
hospital Tiie pain occurred after meals and w'as relieved by medication There 
had been marked constipation during the last year, and three w'eeks before 
examination, blood had been observed in the stools The patient had lost 19 
pounds (8 6 Kg ) in W'eight during the three weeks previous to admission 

A filling defect was found in the sigmoid A clinical diagnosis of carcinom'i 
of the sigmoid w'as made and a tw'O-stage operation, for the removal of the 
involved portion of the colon, w'as performed The patient died after the resection 
of an extensive carcinoma of the rectosigmoid, w'lth involvement of the regiona 
Ij'mph nodes 

At necropsy, there w'as observed in the median portion of the ileum, a rm 
circumscribed nodule 3 mm m diameter On microscopic examination tns 
was found to be composed of atypical, pobgona! or round epithelial cells, 
in cords, columns and irregular masses There were a few acim-hke accumu a 
of cells The stroma w'as composed of coarse collagenous fibers 


Case 6 —History — A man, aged 61, had complained of r'nersistcnt 

for tea years During the last few months he had been troubled b% P 
cough A tuberous, ulcerating mass w'3S found on the glottis, ''J 
nosed clmicallj' as epithelioma Tw'o-stage larj ngectomj' was pe* 
from pneumonia resulted follow’ing the second stage of the opera 

A small, firm nodule 5 mm in diameter was found at examination 

mucosa of the ileum, 29 cm from the ileocecal xalve Micros pohgonal, 

of this nodule show'ed it to be a submucosal mass of atvpical, b P 
epithelial cells arranged in columns and irregular masses 

Case 7—Hisfo,y—A man, aged 59, had had ^ 

the fifteen years prcMOUs to admission The resu sen^ori root 

essentially negative Death followed operation for eMils.on 
of the trigeminal nene 
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At necropsy, a firm submucosal nodule, 1 cm m diameter, nas found m the 
ileum about 26 cm from the ileocecal lalve On microscopic examination, the 
tumor uas found to be composed of a number of irregular masses and sheets 
of at} pical, basophilic, poh gonal or rounded epithelial cells Many of the cells 
Mere single or m small groups There was no eiidence of a tendency of the 
cells to arrange tbemsehes in acini or acini-like formations 

Casf 8 —Htstoi V —A man, aged 69, had noticed gradually increasing urinary 
obstruction MUth nocturia during the six months preiious to admission to the 
hospital Complete retention had occurred three months previous to examination 
Hipertrophy of the prostate gland ivas found The patient died three dajs 
after suprapubic prostatectom} 

A hard nodule of the submucosa 3 mm m diameter was found in the jejunum, 
at necropsy The nodule M'as composed of atj pical basophilic, epithelial cells 
characteristic 'of carcinoid tumor, arranged in columns and irregular masses 

C\SL 9—Histoiy—A man, aged 58, had noticed gradually increasing intra- 
cranial pressure, beginning five months before While he M^as under observation, 
complete right hemiplegia and aphasia de\ eloped A clinical diagnosis of tumor 
of the brain was lUade, and a left decompression was performed The patient died 
one da^ after the operation 

A submucosal nodule 5 mm m diameter uas found in the jejunum at necropsr 
On histologic examination, the tumor rvas found to be composed of the 
chanctenstic carcinoid tumor cells In some areas of the tumor there ivere a 
few small acini-like spaces, but the cells which lined these spaces did not appear 
identical to the at\ pical carcinoid tumor cells 

Case 10 — Histoiy — A man, aged 76, had noticed marked palpitation after 
meals for about fire rears Graduallj increasing srmptoms of hypertrophy of 
the prostate gland and retention had been obserred for about three years previous 
to admission The general examination rvas essentially negative, the prostate 
ghnd rras found to be enlarged, and the condition of the urine and blood rvas that 
associated rvifh urinary retention The patient died suddenly rvh le he rras under 
obserr ation 

Irro small, firm, submucosal nodules, 2 mm in diameter rrere lound in the 
ileum, at necropsr The nodules rvere composed of the atypical basophilic 
poir gonal or rounded epithelial cells characteristic of carcinoid tumors 

Crsi 11 V — \ man, aged 43, rras attacked br a bull He rras brought 

to the hospital in a semicomatose condition and died soon after admission A small, 
eircuinscribcd, submucosal nodule rras found in the ileum, at necropsr On 
histologic excimination the nodule rras found to be composed of a few columns 
and masses of atr pical poh gonal, basophilic epithelial cells The stroma rvas 
lormed br a large amount of coarse connectire tissue fibers and bundles oi 
smooth muscle tissue 

STRLCILRC or IIIC SXI \LL IXTESTIXE 

The anatonir and genet al histologr of the small intestine has been 
(lesenbed br [ackson - Lerris and Btemer^^ Jordan* and others 

2 Tackson C M m Morris Human Anatomr ed 5 Philadelphia P 
Bhkiston’s Son & Companr 1914, p 1161 

1 Lewis r T and Bremer T L. Text-Book oi Histologe Philadelphia 
P B1 ikiston’s Son sk Companr 1^27 p 2^0 

4 Iordan H L \ Text-Book oi Histologr ed 3 Xerr York D \npleton 
k Conipuir h)24 p 
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Valuable contiibutions to tbe knowledge of the embijology of the small 
intestine have been made by Lewis/ Eteinod/ Dandy/ Mall/ Beir\ '' 
Caiey^° and JohnsoiM^ 

The intestinal glands occin thioughout the entne small and laige 
intestines They ate simple tubules which extend the whole depth ot 
the mucous niembiane and open in the small intestines between the 
bases of the vilh The epithelium which lines the ciypts of Libeikuhn 
consists of 0 mam t 3 pes of cells goblet cells, columnai cells and cells 
fiist described by Paneth that have a gianular cytoplasm The goblet 
cells lesemble those piesent on the vilh The columnar cells in the 
deeper portions of the cr^^pts aie similar to those piesent on the sides 
of the Mill The columnai cells that line the neck of the cr 3 ^pts possess 
only an indistinct cuticulai bolder Mitotic figuies aie rather common 
among these cells The}'^ are believed to be indifterent genetic cells 
nhich give use to the vaiioiis types of cells found m the intestinal 
glands oi on the vilh 

Schwalbe,^® in 1872, was appaientty the hist investigatoi to obser\e 
the gianulai cells piesent m the intestinal glands In his evaniination 
of the intestinal tiact of the lat he described in fresh mateiial peculiar, 
coaisel} gianulai cells occupying the deeper portions of the intestinal 
gland Paneth, in 1888, desciibed a peculiar ty'pe of granular cell 
situated in the fundus of the intestinal glands They were found to be 
piesent in the intestines of mice, rats, cats, dogs and man He com- 
paied them to the panel eatic cells and distinguished them defimtelv 
fiom the goblet cells 


5 Lems, F T The Development of the Intestinal Tract and Respiraton 
Organs, ni Keibel, Fran? Manual of Human Embr^ologv, Philadelphia, J 

Lippincott Company, 1912, vol 2, p 291 

6 Eternod, A C F II y a un canal notochordal dans l’embr^on bumai 

Anat Anz 16 131, 1899 Am T 

7 Dandy, W E A Human Embryo With Seven Pairs of Somites, A J 

Anat 10 85, 1910 , 

8 Mall, F P Ueber die Entwickelung des menschlichen Darmes un 

Lage beim Ervvachsenen, Arch f Anat u Entwicklungsgesch jp),,,. 

Development of the Human Intestine and Its Position in the u 

Hopkins Hosp 9 197, 1898 intestine 

9 Berri', J M On the Development of the Vilh of the u 

Anat Anz 17 242, 1900 „ j^testinc 

10 Carev E J Studies on the Structure and Function of the S . 

Anat Rec 21 189, 1921 vr^mbnne of tbi- 

11 Johnson, F P The Development of the Mucous ^ ‘ 

Oesophagus, Stomach, and Small Intestine m the Human m 

10 521, 1910 7pi|pn des Diinndnrmepitbcb 

12 Paneth, Josef Ueber die secernierenden Zellen fl 

Arch f mikr Anat 31 113, 1888 Darminwh"'?'- ’ 

13 Schwalbe C Beitrage zur Kenntms dcr ’ g 9 , 1872 

insbesondere der Brunner’seben Drusen Arch f mi r 
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Kultschitzky/-* 111 1897, described a gianulai cell observed in the 
intestinal mucosa of dogs The gianules took a led color when stained 
by Ehihch-Biondi solution Since the gianules took an acid stain, he 
named them "Zellen mit azidophilen Koinern The intestinal tract 
of dogs on then usual diet contains a moderate number of these cells , 
they inciease when the animals are put on an abundant meat diet and 
decrease in ntimbei and size on staivation Schmidt,^'' in 1905, 
desciibed the presence of certain granular cells in the mucous membrane 
of the intestines of human beings He fixed his material in Muller- 
foimaldehyde solution In both stained and unstained preparations, he 
obseived peculiar cells which contained numerous yellow granules in 
then basal poitions He believed these cells to be of a difterent type 
fiom those desciibed by Paneth and Kultschitzky On the basis of 
the yellow gianulation he called the cells "gelbe Zellen ” Ciaccio 
shoitly afteiwaid described a special gianular cell in the crypts of 
Liebeikuhn The cells were imestigated onl}'^ in guinea-pigs and dogs 
Besides the granules, numerous vacuoles were found in the cytoplasm 
Klein examined the gianule cells of the opossum and guinea-pig He 
leached the conclusion that they are specific elements which secrete a 
special substance used dining digestion The granules were found to 
vaiy in size and shape The smallei granules take a basic stain, and 
the laigei, coarser gianules are acidophilic 

Cosset and Masson restudied the granular cells of the intestinal 
mucosa As a stain they used a solution of ammoniacal silver In the 
deepei poitions of the intestinal glands and m the region adjacent to 
the ciypts, peculiar cells weie found Between the basement mem- 
biane and nucleus weie numerous silver-staming granules of vari- 
ous sizes The cells which contained these granules weie called 
aigentaffine cells The cells were regaided as composing an endocrine 
gland of entodermal oiigin compaiable to the islands of Langerhans of 
the panel eas On piolifeiation the argentaffine cells formed an organoid 
tissue The piesence of sihei -reducing cjtoplasmic gianules in the 

14 KlIltsclllfzk^, X Zur Tragc uber den Bau des Darmkanalb, Arch f mikr 
\int 49 7, 1897 

15 Schniidl T E Bcitrige zur normalcn und pathologischen Histologic 
oiiiigcr Zcllcrtcn der Schleimhaut dcs mcnsclilidicn Darmkdinls A.rcli f mikr 
knot 66 12, 1905 

1(1 CntLio Carmdo Sur uiu nomelle cspece cclliildire dans ies ghndes de 
Lichciknhn Compt rend Soc dc biol 60 76 (Jan 13) 1906 

17 Klun Sidncx On the Xalurc of the Grannie Cells of Paneth in the 
Iniostiml Glands of Mammals Am T Anat 5 315, 1906 

IS Gos.et k and Masson P Tnmeiirs endoermes de I’appcndice Presse 
nud gS 257 l^ld 



580 


archives of surgery 

cQlh of the intestinal glands has been confiuned by Hase^awa^" 
Danisch,-® Spiafke-^ and othei investigators 

Kull-- in the examination of the intestines ot human bemcrs 
obser\ed seveial types of gianuJai cells He classified these into (1) 
Paneths cells, (2) cells with fine basal ox}philic granules (the “acido- 
philen Zellen ) and (3) cells vith coarse yellowish basal granules (the 
gelben Zellen of Schmidt), which he consideied as chiomaffin cells 
Massonr-" m 1924, investigated m detail the aigentaffine cells of the 
appendix, but did not contiibute new data Coidiei found that the 
gianule cells m the intestinal glands of guinea-pigs deci eased oi dis- 
appeaied aftei the subcutaneous injection of pilocaipine lij^di ochlonde 
The gianules m the pancieatic acini-hke spaces were also diminished in 
numbei In one houi and fifteen minutes aftei the injection, the gian- 
ules had leapi^eaied m the cells The conclusion vas i cached that these 
cells have a secietory function similar to that of the pancieatic cells 
Kull,~'‘ in a lecent histologic and embijologic stud) of the grannie cells 
01 the intestinal tiact, i cached the conclusion that the gianule cells aie 
of mesodeimal oiigm Vaiious coloi leactions of the granules ni 
Aaiiotis cells aie believed to be an index of development Acidophilic 
gianules aie consideied piesent only in }oung cells, wheieas jel- 
!o\i gianules are evidence of cell matuiity The size and number ot the 
gianules aie a direct expiession of the functional activity of the cells 


REVIEW or THE LITER \TURE 

Caicinoid tumois of the small intestine usuallv appear as small 
ciicumscribed, fiim nodules which pioject into the lumen They are 
often multiple The color vanes with their size and tension on t e 
supei imposed mucosa The laigei nodules are j^ellow to grajish 
Then si5:e vanes from 3 mm to 1 cm oi moie m diameter ^ir 

flee sui faces are usually coreied by the smooth noimal mucosa, 
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there maj be supeificial eiosions or ulcerations uhich may produce 
in egulai ciatei~like depiessions The primary nodules liave the con- 
sistence of a hard fibroma On section the surface is yellowish and 
him The histologic structure consists of ii regularly arranged stiands, 
columns and masses of peculiai pol)hedial cells in an abundant, com- 
pact stroma of coarse collagenous fibers or bundles of smooth muscle 

Various names have been applied to carcinoid tuinois of the small 
intestines Many investigators, in then desire to emphasize a hypo- 
thetic histogenesis, have lenamed these tumois Langhans,-® in 1867, 
described the first case as a pol 3 'p Lubarsch,-‘ in 1888, and Ransom,-® 
in 1890, believed them to be atypical piimaiy carcinomas and used the 
term carcinomata Obeindorfei,-® in 1907, was the first to use the 
term carcinoid to emphasize certain chaiacteri sties by which this tumor 
diftcied from true carcinoma Bunting,®® in 1904, Bui ckhai dt,®’^ in 
1909, and Krompechei,®® m 1919, used the term basel-cell caicmoma 
01 basiloma to call attention to the morphologic resemblance of caicinoid 
tumois to basal cell carcinoma Other recent terms aie embiyoma, by 
Piimiose®® in 1925, immatuie S 3 'mpathetic neuroc 3 tomata, by Ehrlich 
111 1914, aigentaffine tumoi, 63 Cosset and Masson^® in 1914 endociine 
tumoi, by Masson-® in 1924 and neuiociine tumor, by Masson®® in 
1928 

Carcinoid tumois may occur an 3 where m the gastio-intestmal tiact 
They are most common 111 the appendix and the small intestines 
Saltykow described tumois in the sigmoid and rectum composed of 
carcinoid cells 

26 Langlnns, T Ueber cincn DrusenpoRp im Ileum, Arch f path Anat 
38 559. 1867 

27 Lubarsch, Otto Ueber den pnmaren Krebs des Ileum nebst Bemerkungen 
uber das gleichreitige Vorkommcn \on Krebs und Tuberculose, VirchoMS Arch f 
pub Anat 111 281, 1888 

28 Ransom, W B Pnmar\ Carcinoma of the Ileum, Lancet 2 1020, 1850 

29 Oberndorfer, Siegfried Ueber die “kleincn Dunndarmcarcinome,’ 
\’erbandl d deiitsch path Gescllsch 11 113, 1907 

30 Bunting, C H klultiple Primarj Carcinomata of the Ileum, Bull Johns 
Hopkins Hosp 15 389 (Dec ) 1904 

31 Burckhardt, J L Zur Lehre der klcinen Dunndarmkar/mome Frankfurt 
Ztschr f Path 3 593, 1909 

_ 32 Kromi>echer, E Uber die Ba'alzcllentuinoren der Zalinderepithelscheleini' 
liautc nut besonderer Berucksichtigung dcr , Karzinoid" des Darms Beilr z path 
\nat u 7 allg Path 65 79, 1919 

33 Primrose \lc\andcr Pnman Carcinoma of the Small Intestine in an 
Octogenarian Ann Surg 82 429 1925 

34 1 hrhch S L quoted b\ Masson P \m I Path 4 181 1928 

35 Mascon, P Carcinoids (Argentaffin-Cell Tumors! and Xer\e perplasia 
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3o Salt\ko\\ S Ueber die Genese der “karsmoiden Tumoren some der 
“Xduionnomc” des Darmes Bcitr 7 path \nat ti z allg Path 54 S 50 1912 
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Moie than 104 cases of caicinoid tumois of the small intestines aie 
lepoited m the hteiatuie About 8 cases could not be considered on 
account of a nieagei or inconclusive description A few reports of 

Cases of Caicinotd Tuiiioi of Small Inlestines Repotted vi the Ltteiatnie 
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Foi the sake of lead} analysis, the 21 malignant cases will be con- 
sidered in 3 groups The fiist gioup includes 8 cases in which there 
was gcneial metastasis, the second group includes 10 cases in which 
there was metastasis to the legional lymph nodes, and the thud gioup 
consists of 3 cases in which the giowth extended through the intestinal 
wall to involve the seiosa 

The Malignant Lesions — In the twenty-one cases of malignant 
carcinoid tumor of the small intestine, the patients consisted of twelve 
men and eight women , in 1 case, the sex of the patient is not known 
The patients between the ages of 30 and 40 consisted of one man and 
one woman, between 41 and 50, four men, between 51 and 60, 
five men and tr\ o women , between 61 and 70, one man and two women , 
between 71 and 80, one man and two women, and between 81 and 90, 
a woman In one case the age of the patient is not known The avei- 
age age in the twenty malignant cases was 57 2 year s , the avei age age 
for the men was 53 2 yeais, and foi the women 61 3 yeais 

The piimaiy lesion rvas m the ileum in all 21 cases, it was in the 
uppei poition in 3 cases, in the middle portion in 1 case, and in the 
lower portion m 17 cases Foui of these 17 tumois weie within 10 cm 
of the ileocecal valve The smallest pnmaiy lesion was 5 mm m 
diametei, and the laigest 4 cm m diametei 

In 17 cases the primary growth was nodulai , m 4 cases it was 
amiulai The piimaiy lesion was multiple in 8 cases and single m 11 
cases In 4 cases in which the numbei of multiple nodules was recoi ded 
they numbei ed 14, 2, 14, and 10 In 10 cases theie weie srmptoms and 
signs t}pical of obstruction in the small intestine In 2 cases there weie 
indefinite complaints of cachexia and anemia 

The Benign Lesions — lu 83 cases legional oi distal metastasis was 
not found The neoplasm did not inrolve the seiosa This group will 
be consideicd as benign to distinguish it from the preriously desciibed 
gioup in nhich metastasis had occuned The amount of published data 
vanes consideiablv m the difleient lepoits This summaiy cannot, 
thcrcfoic, include evei} case in the consideiation of the ranous factois 
In 73 cases, the patients included 38 men and 35 rromen 

The age distnbution in 68 cases (foity men and t\\ent}-nine rromen) 
rvas as follows The roungest man rras aged 33 and the roungest 
rvoimn 20, the oldest man rras 86 and the oldest rroman 79 The 
ireiage age m 68 cases rras 54 3 reais, the arerage age for 
ihe trrcntv -eight rromen 47 rears and foi the foitr men 58 Sr ears 
The patients betrreen the ages of 20 and 30 included fire rromen 
between 31 and 40 thice men and seren rromen between 41 and 50 
‘:i\ men and four women between 51 and 60 eleren men and three 
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women, between 61 and 70, ten men and seven women, between 71 

and 80, seven men and one woman, and between 81 and 90, three men 
and one woman 

In 71 cases, the lesion was situated as follows m the duodenum in 
2 cases, m the upper portion m 1 case, and the site was not designated 
in 1 case, it was situated m the jejunum m 11 cases, and in the ileum in 
58 cases, in the upper poition in 7 cases, in the middle portion in 5 
cases, in the lowei poition in 44 cases and in the tip of a Meckel’s 
diveiticulum in 2 cases 

The numbei of nodules vaiied fiom 1 to 33 in 76 cases, single 
nodules occuried in 49 cases, and multiple nodules were found m 27 
cases In the 27 cases there were from 1 to 5 nodules m 16 cases, 
fiom 6 to 10 nodules in 3 cases, 24 nodules in 1 case, 33 nodules in 1 
case and multiple nodules, but the numbei was not given, in 6 cases 
The lesions were nodulai in 62 of 63 cases and iing-shaped m 1 
The size of the nodules vaiied from 1 mm to 2 5 cm in diameter The 
usual diameter was from 3 to 8 mm 

Of the 83 cases, 6 were drscovered at exploratory operation and 75 
at neciopsy, in 2 cases these data are absent The symptoms in the 
6 cases weie typical of intestinal obstruction 

Histogenesis — The histogenesis of caicinoid tnmois has been a sub- 
ject of much discussion during the last thirty j'ears There are many 
factors that have stimulated continuous interest in this group of tumors 
It IS sufficient to call attention to a few, such as the atypical cytologic 
manifestations, small size, unusual distiibution, multiplicity and vari- 
able clinical course Many cell types from all germ layers and a num- 
ber of embryonic anomalies have been considered as the origin of the 
tumoi Although much intensive work has been done, a theory o 
histogenesis has not been generally accepted The application of the 
chiome fixatives and silver stains in the differentiation of the ce s, 
however, has resulted in considerable elucidation of tins problem 

The various conceptions of the oiigm of the tumor will first 
tabulated for easy refeience, and then consideied m detail 


I Cells which form the crypts of Lieberkuhn 

1 Cell t 3 'pe not designated®’ 

2 Cell similar to the basal cells of the epidermis 


37 Langhans (footnote 26) Lubarsch (footnote 27) ^ 

Ueber das multiple Auftreten primaren bosartigen Neopiasmen Arc 
53 1, 1896 Gruner, O C, and Fraser. J R Primary Ca->noma 

J Path & Pact 17 165, 1912 Schopper, K I Ueber em ^je.t 
karzinom” mit ausgedehnter Metastasebildung, Verhan 

Gesellsch 16 387, 1913 irckhardt, 1 P 

38 Bunting (footnote 30) Krompecher ^(footnote 3-) ^tschr’i P'Ai 

Ueber das kleine Dunndarm- und Appendiv-Kamnom, ran 

11 219, 1912 
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3 Granular cells 

(a) Paneth’s cells 

(b) Chromaffin cells 

(c) Argentaffine cells 

II Pancreatic tissue 

1 Pancreatic tissue displaced during fetal life 

2 Pancreatic tissue (islands of Langerhans •*'’) 

III SMupathetic nervous system 

1 Cells of the celiac ganglia-® 

2 Cells of Auerbach’s plexus •** 

IV Embryonic maldevelopments 

1 Emnryonic remnants of the ductus omphalomesentencus ' ‘ 

2 Embryonic epithelial rests 

3 Embryonic heterotopic tissue 

4 Faulty differentiation of the entoderm i' 

The pecuhai moiphologic appeal ance of the chai actei istie cells that 
compose caicinoid tumors impiessed even the eaihest obseivers The 
micioscopic distinction fiom adenocarcinoma of the small intestine is 

39 Huebschmann, P Sur le carcinome primitif de I’appendice vermiculaire, 
Rev med de la Suisse Rom 30 317, 1910 

40 Dukes, Cuthbcrt, and Lockhart-Mummery, P Carcinoid Tumour of the 
Ileum with Metastases, J Path & Bact 29 308, 1926 McGlannon, Alexius , and 
McCleai 3 % Standish Carcinoid Tumors of the Small Intestines, JAMA 
83 850 (Sept 10) 1927 Huebschmann (footnote 39) 

41 Gosset and Masson (footnote 18) Hasegawa (footnote 19) Sprafke 
(footnote 21) Masson (footnotes 23 and 35) Forbus, W D Argentaffine 
Tumors of the Appendix and Small Intestine, Bull Johns Hopkins Hosp 37 130, 
1925 

42 Trappe, Max Ueber geschwulstartige Fehlbildungen von Niere, Milz, Haut 

und Darm, Frankfurt Ztschr f Path 1 109, 1907 Dietrich, A Kleine Darm- 
karzinome von T>pus der Karzmoide mit schwcrer Leberkarzinose, Frankfurt 
Ztschr f Path 13 390, 1913 Oberndorfer, Siegfried Die Geschwulste des 

Darmes, in Handbuch der spezielleu pathologischen Anatomie und Histologic, 
Berlin, Julius Springer, 1929 vol 4, p 717 Heller, A Discussion, Verhandl d 
deutscli path Gesellsch 11 115, 1907 

43 Saltykow (footnote 36) Lauchc, Arnold Die Heterotopien des 
ortsgchongcn Epilhels im Rercich des Verfauungskanals, Virchows Arch f path 

\nu 252 38, 1924 

44 Marchand, F Discussion, Verhandl d deutsch path Gesellsch 11 115, 

1907 Sternberg, C Discussion, Verhandl d deutsch path Gesellsch 11 116 

1907 

45 Toenniessen, E Lntersuchungcn ubcr die m der Submukosa des 
Diinndarnis aorkommenden cpithelialcn Tumoren, Ztschr f Krebforsch 8 354 

1910 Borrnnnn, R Discussion, Verhandl d deutsch path Gesellsch 11 116, 

1907 

46 Hagcnnii E Ueber die Beizichungen der sogennanten Karzmoide des 
Harms zn den Darmkrebsen, Ztschr f Krebiorsch 16 404, 1917 

47 Scmsroth, Kurt The Histogenetic Interpretation of Certain Carcinoids 
oi the Small Intestines, \rch Path G 575 (Oct ) 1928 
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eas) and definite Langhans, who first desciibed the caicinoid tumors 
of the small intestine, emphasized the imnstial appearance of the pofi- 
hedial cells It was his belief that the oiigm of the cells was direct!} 
from the epithelial cells of the crypts of Liebeikuhn Lnbarsch 
desciibed the airangement of the cells in nests and stiands He empha- 
sized the dissimilanty between the cells that composed these tumors 
and the cells that foimed oidinary adenocaicinoma He demonstrated 
by seiial sections direct connection between the strands of carcinoid 
cells and the ci}pts of Liebeikuhn He concluded that the tumors 
difteied fioin adenocaicinoma oi any othei previously described neo- 
plasm of the gastio-intestinal tiact As the basis foi this distinction, 
he called attention to the multiplicity of the tuinoi, lack of metastasis, 
absence of hue glands, gioss appearance and peculiar structure of the 
individual cells The epithelial cells of the glands of Lieberkiihn weie 
believed to be the type cell By calling the tumoi “piimary carcinoma 
of the ileum,” he failed to impress the distinction fiom adenocarcinoma 
which he had made The majoiity of obseiveis during the next ten 
yeais^® accepted Lubaisch's histogemc conception Bunting in 1904, 
Bmckhaidt in 1909, and Krompechei in 1919, suggested, on account 
of the moiphologic lesemblance, that carcinoid tumors weie smniar to 
basal cell carcinoma 

Krompechei suggested that the basal cells of Lieberkuhn’s ci}pts 
can difitei entiate into any of thiee types of basal cell carcinoma These 
types he designated as solid, cystic and adenomatous basal cell carci- 
noma He did not furnish any repoit of a case of carcinoid tumoi 

Huebschmann, in 1910, in his study of caiciiioid tuniois of the 
appendix, made the suggestion that on account of the 3 'ellow color of 
these neoplasms they oiiginated from Paneth’s cells or from the 
chiomaffin cells He did not use chiomic acid as a fixatue 
McGlannon and McCleary examined a carcinoid tumor that t iei 
believed to originate fiom the chromaffin cells at the base of the 
of Lieberkuhn The cytoplasmic gianules gaie a difinite argenta jie 
leaction Dukes and Lockhart-Mimimen , m a thorough itstoo^, 
study, reached the same conclusions 

Cosset and Masson, in 1914, studied the chiomaffin cells o J ic 
intestinal tract, and were the fiist to show that ci toplasiinc 
present in certain cells situated at the base of the cripts o to 
reduced an ammoniacal solution of sin ei salts & paction 

stained black A new nomenclature was suggested In jpp 

The granules were called argentaffine gianules, the ce s m 

48 Notthafft A Ueber die Entstehung der Carcmome 
klm Med 54 555, 1895 Walter (footnote 37 third re eren 
Fraser (footnote 37, fourth reference) Schopper (foo no 
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granules were found, argentaffiue cells, and tumors which w^ere partly 
or wholly formed by these cells, argentaffine tumors Significant 
observations were made on the argentaffine cells They were found in 
the deeper portions of the crypts of Lieberkuhn throughout the entire 
gastro-intestinal tract Most of them were found between the cyhndnc 
cells of the mucosa, but an occasional cell was not in direct contact with 
the lumen The cells w'ere believed to form an endocrine gland of 
endodemic origin similar to the islands of Langerhans On prolifer- 
ation of certain argentaffine (neurocrine) cells, a tissue was formed 
which was believed to possess an organoid character Danisch, Ilase- 
gawa, and Forbus substantiated the presence of argentaffine cells m the 
crypts of Lieberkuhn Forbus used the argentaffine reaction as a 
means of distinguishing carcinoid tumors of the small intestine from 
othei growths He was of the opinion that unless the cells of a morpho- 
logically carcinoid tumor show the argentaffine reaction, it should be 
considered as an adenocarcinoma By this means he suggested the 
possibiht} of diffeientiating a third group of epithelial intestinal neo- 
plasms which has the microscopic morphologj- of carcinoid tumor but 
the clinical course of adenocarcinoma Hasegawa concluded that car- 
cinoid tumors of the small intestines may arise in three different wa}s 
(1) dircctl) from the principal cells of the crypts of Lieberkuhn, (2) 
from tlie chiomaffin cells and (3) from the submucous epithelial rests 
Masson, in his latci work based on the study of fifty carcinoid tumors 
from the appendix, concluded that the argentaffine cells migrate from 
the crvpts of Lieberkuhn into the submucosa Here the cells invade a 
mass of subglandular nonmedullatcd nerve fibers In this situation, the 
cells ma} difiercntiate into any 1 of 4 types (1) cylindrical, (2) 
ganglionic, (3) resembling Schwann’s and (4) neurocrine Carcinoid 
tumors originate by autonomous amitotic division of the neurocrine 
cells On proliferation, the neurocrine cells rupture the nerve sheaths 
and extend into the submuco'va 

Danisch, on the basis of embrvologic observations, came to a some- 
what diftcrent conclusion He observed that argentaffine cells do not 
appeal m the crypts of Lieberkuhn until the fourth fetal month He 
did however, see the argentaffine cells in the submucosal connective 
ti'Jsue of the intestines in an 11 5 cm human embr 3 0 Here the aro-en- 
taffine cells were not in relation to the alread} well developed crvpts of 
Lieberkuhn, but were situated as individual cells in the loose connective 
tissue The cells were believed to migrate from the connective tissue 
into the crvpts of Lieberkuhn Ev studies on the chick embrvo he 
found that argentaffine cells first appear in the celiac ganglion He con- 
cluded that argentaffine cells originating m the celiac ganglion migrated 


-to (■footnotes 23 and 35) 
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along the neive fibers into the submucosa and eventually reached the 
crypts of Liebeikuhn If argentaffine cells remained about Meissner’s 
ganglions oi in the submucosa, they could form carcinoid tumors The 
oiigin of caicmoid neoplasms is thus paraganghomc, from the cehac 
ganglion of the sympathetic system Masson"^ Danisch agreed 
that the type cell of carcinoid tumors is from argentaffine cells present 
in the submucosa Masson,^® however suggested the crypts of Lieber- 
kuhn 01 the endoderm, and Danisch pointed out the chromaffin cells 
of the sympathetic ganglion oi the ectoderm as the actual souice of the 
argentaffine cells 

Ehrlich stated that caicmoid tumors arise from Auerbach’s plexus 
The tumoi cells would thus originate from sympathetic nerve cells He 
designated the tumors as immature sympathetic neurocytomata 

Oberndorfei, in 1907,°° presented his work on carcinoid tumors of 
the small intestine, based on the examination of 6 cases of benign 
tumoi s He directed attention to several characteristics of these tumors 
which have become widely accepted The tumors weie described as 
small, usually multiple, circumscribed, submucosal, noninfiltrating, 
benign masses of undiflferentiated cells To distinguish the clinical 
course from that of carcinoma, he suggested the name carcinoid tumor 
A definite statement was not made as to the origin, but he seemed to 
favoi the possibility that they are derived from pancreatic rests Trappe, 
in 1907, suggested that rests of pancreatic tissue are common in the 
gastro-mtestinal tract These rests were considered by him to be the 
souice of carcinoid tumors and adenomyomas of the small intestine 
Heller and Albrecht supported the opinion of Tiappe 

Saltykow developed the ideas of Trappe still further He expiessed 
the belief that carcinoid tumors originate from rests composed entirely 
of islands of Langerhans Lauche also considered this to be the most 
plausible explanation of their true nature 

Marchand and Sternberg expressed the belief that the carcinoid 
tumoi develops from cellulai remnants of the ductus omphalomesen 
tericus 

Embryonic epithelial rests were first suggested as the origin of car 
cmoid tumors by Boirmann Toenniessen considered them not on } as 
derived from submucosal epithelial rests, but suggested that Uey mig 
function as glands of internal secretion The similarity o t e ca 
cmoid cells and the cells of the islands of Langerhans was empias 
by him as additional proof 

50 Oberndorfer (footnote 42, third reference) It 1!^ 

51 Albrecht. H Discussion, Verfiandl d deiitsch path Gese sc 
1907 
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Hageman presented in consideiable detail his conception of the 
development of caicinoid tumors fiom embryonic heteiotopic tissue 
present in the intestinal wall 

Semsioth, in 1928, suggested that carcinoid tumors in the duodenum 
develop as the result of dysontogenetic lieterotopy This conclusion 
was reached on the observations in one case in which theie was no 
sign of malignancy, but evidence of dysotogenesis in the form of pan- 
cretatic tissue in the duodenum KulP® expiessed the belief that the 
argentaffine cells originate from cells in the submucosa which migrate 
into the ciypts of Liebeikuhn This conception of the origin of the 
argentaffine cells suggests a possible mesodermal type cell to be the 
progenitoi of carcinoid tumors 

In summarizing the conception of the histogenesis of carcinoid 
tumors, it IS apparent that at piesent there are a number of possibilities, 
none of which can be considered as proved or established The origin 
of carcinoid tumors has been assigned to the principal epithelial cells 
of the ciypts of Lieberkuhn, to Paneth’s cells and to the basal granular 
cells (chiomaffin cells) They have been considered malformations 
developing from pancreatic rests or accessory pancreas, and finally as 
fetal epithelial rests or lemnants of the ductus omphalomesentencus 

COMPARISON WITH BASAL CELL CARCINOMA OP THE SKIN 

There aie ceitain resemblances between carcinoid tumors of the 
small intestine and basal cell caicmoma of the skin that have led some 
investigatois to believe that these tumois are related®^ The cells of 
both tuinoi s take a basic stain, they tend to grow in solid sheets or cords 
and do not show cell boundaries The benign clinical course of both 
was emphasized before it was recognized that many carcinoid tumors 
of the intestine foim metastasis However, a close histologic study 
revealed wide diflteiences m structuie Basal cell carcinomas frequently 
show a fe^\ coinified cells, and they nevei give the argentaffine reaction 
In 268 cases of basal cell carcinoma, Broders did not find metastasis 
be\ond the regional nodes 

COMPVRISON WITH CARCINOID TUMORS OF THE VERMIFORM 

APPENDIX 

Sehngei stated that the fust case of authentic carcinoid tuinoi of 
die appendix uas lepoited bv Begei m 1882 Up to 1906 onh 42 

]91o' ^ Basal-Cell Epithelioma, J A U A 72 856 (Z^Iarcli 22) 

IQ Wurmfortsatzes, Berl klin Wchnschr 
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cases had been lepoited Simon “ ,n 1916, in a caieful eaammatioii ol 
tie hteiatuie, found 325 cases of epithelial tumors of the appendix 
After excluding all cases of apparent adenocarcinoma and doubtful 
cases, he concluded that 260 were of definite carcinoid type Van 
Alstine^^ reviewed 300 cases m 1926, and Oberndorfer, m 1929, 
described 29 cases observed in his own laboratory 

Caicinoid tuinois of the appendix are more common than caicmoid 
tumors of the small intestines Warwick found in statistics of 29,320 
appendixes lemoved at opeiation, that in 82 (0 28 per cent) carcino- 
matous tumois weie present Kennedy^' examined 350 appendixes 
removed at necropsy, but found only one case (0 28 per cent) of car- 
cinoma In a study of 41,838 necropsies, Maydil and NothnageP® 
observed 2 cases of caicinoma of the appendix Reimann found 17 
cases of carcinoma on examination of 13,151 appendixes removed at 
opeiation Three of the 17 cases weie of the columnar cell type 
whereas 14 (82 per cent) were caicinoid in structure MacCarty and 
McGrath,®® in the examination of 8,039 appendixes as a routine, found 
40 cases of carcinoma 

MacCarty and McGiath noted that the average age of the 40 patients 
with carcinoma of the appendix was 30 yeais Oberndorfer®® reported 
that in 11 cases of carcinoid tumois discovered at neciopsy the average 
age was 57 years, whereas in 18 cases discovered in suigically leinoved 
specimens the average age was 24 years In 66 per cent of 186 cases 
of carcinoid tumois of the appendix Simon found that the patients 
weie less than 30 3 'ears Sehngei found that the average age of the 
patients in 34 cases of primal} caicinoma of the appendix was 34 years 

The majority of repoited cases has occuired in women MacCarty 
and McGiath found 24 per cent in males and 76 per cent in females, 
Selinger found 17 6 per cent in males and 82 4 per cent in females , 
Simon found 34 9 pei cent in males and 65 1 per cent in females, an 
Oberndoi fer found 29 per cent in males and 61 pei cent in females 


54 Simon, W V Das Karzmom und das Karzinoid der Appendix mit einem 

kurzen Uberblick auch iiber die ubngen an der Appendix vorkommenden Tumo 
Ergebn d Chir u Ortbop 9 291, 1916 , rr- 

55 Van Alstine, G S Primary Carcinoma of the T 

Cases wnth Brief Review of the Literature, Illinois M J 49 469 (JuneJ - 

56 Warwick, Margaret Primary Carcinoma of the Appendix 1 inneso 

5 512, 1922 , 9 17s7 1910 

57 Kennedy, A M Primary Carcinoma of Appendix Lancet ^ 

58 Maj dll and Nothnagel, quoted by Whipham, T R C Lancet - 

59 Ee.L»», S P Pnman- Carcnom, of Ihe Vem.torm Appco<l,v 

J M Sc 156 190, 1918 rarc.notna of 

60 MacCarty, W C, and iVcGrath, B F The FreqnenCA o 

the Appendix Ann Surg 59 675, 1914 . cyrg 

61 Selinger J Primarv Carcinoma of the Vermiform •\ppo’ 

88 276 (Feb ) 1929 
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Carcinoid tumois of the appendix are most commonly situated m 
Its distal third Simon found 139 cases distributed as follows m the 
distal third, 77 per cent in the middle third, 14 per cent , m the upper 
third 7 per cent and in the entiie organ, 2 per cent 

lMacCart> and McGrath found in 40 cases that 90 per cent iiere 
situated at the tip Reimann stated that in 17 cases ot carcinoma of the 
appendix, “practically all of the tumors were situated at the tip or in 
the distal third A bulbous tip \ias exhibited b\ four ’ Selmger 
described the situation of the lesion in 34 cases as folloiis twent} at 
the tip, fire at the base, one midwaj between tip and base 

Caiciiioid tumors ot the appendix consist almost ah\a>s of a single 
nodule Simon stated that only 5 cases of multiple carcinoid tumors 
ot the appendix had been repoited up to 1916 The tumor produces 
nodulai bulging of the appendix, but man) tumors cannot be detected 
except bv section of the entiie appendix The tumor \aries from a 
niicioscopic lesion to a growth 2 cm in diameter The serosa is smooth 
and shin\ o\er the nodule When the nodule reaches sufficient size it 
piojects into the lumen, producing partial or complete obliteration On 
section, the caicmoid tumor may be }ellorvish grar, but it is fiequenth 
graMsh white It usuall) forms a small, haid, single, submucosal 
nodule On section, it is found to be covered b) the mucosa MacCarty 
and McGiath found in 28 cases that the nodules W'ere palpable on the 
exteiioi only in 5, the other 23 w’ere dlsco^ered on gross section, car- 
ried out as a routine 

The micioscopic examination of a carcinoid tumor of the appendix 
usiialh shows a small, compact, submucosal nodule It seldom infil- 
tiates the muscularis but may eiode the mucosa The mam portion of 
the mass consists of cords, sheets or irregular!} arranged atipical epi- 
thelial cells The cells are lound, oral or pohhedral In the periph- 
eial portions ot the laiger masses ther assume a cubical 
apjieaiance The cells are definitel} smaller than the columnar cells of 
the appendix and hare no resemblance to the mucous cells The erto- 
plasm IS spaise and somerrhat pale It is trequentlr homogeneous but 
racuoles and fat globules mar occui The nucleus is prominent It is 
round or oral and takes a deep basal stain on account of an abundant 
content of chromatin Chromatin granules, as well as a fine network 
01 chromatin threads mar occasionallr be distinguished 

'Iho cells aie sometimes grouped about a space m such a manner 
as to suggest a resicular or alreolar arrangement The contents of 
spaces ire stained a pale red hr cosm The stroma mar rarr from a 
few loo-e connectire tissue fibers to an abundant deposition of coarse 
collagenous or liralmc sheets of connectire tissue Bundles of muscle 
cells are often a ixirtion of the stroma When the cohims of cells mr ade 
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the musculai layeis, the}- may be isolated among bundles of smooth 
muscle Lymphocytes may be found about the masses of caicinoid 
cells, but they aie usually absent The epithelial cells contain cyto- 
plasmic gianules which reduce an ammomacal solution of silver When 
fixed in solutions of chiome salts, the gianules take a yellow color 
In some caicinoid tumois of the appendix, anisotiopic cytoplasmic 
gianules oi sphei tiles have been desciibed The piesence of silvei or of 
aigentaffine gianules is consideied a specific histochemical test foi the 
identification of the carcinoid cell Spiafke, however, recently showed 
that two carcinoid tumois examined by him did not contain any aigen- 
taffine cells 

The histogenesis of caicinoid tumors of the appendix is believed 
to be identical with carcinoid tumois of the small intestine All impoi- 
tant conceptions have been previousl)^ considered and need not be recon- 
sideied 

The clinical course depends somewhat on the situation and size of 
the tumoi It may produce symptoms similar to those usually inter- 
preted as chionic or mild recurrent appendicitis Carcinoid tumors of 
the appendix which metastasized to the regional lymph nodes have been 
desciibed by Hasegawa and Obei ndorf er Geneial metastasis has not 
been produced by a caicinoid tumor of the appendix 

A histologic study was made of 5 cases of carcinoid tumoi of the 
appendix The stiucture of these tumors indicates that morphologically 
they are closely similar to, if not identical with, caicinoid tumois of the 
small intestine Howevei, in the case of carcinoid tumois of the appen- 
dix, distant metastasis has not been desciibed, and metastasis m the 
lymph nodes is extiemely lare 

COMMENT 

Only 9 cases of carcinoid tumois of the small intestine bad been 
obseived when Oberndorfei,®- in 1907, presented his obseivations on 
7 cases On the morphologic and clinical evidence in this gioup o 
entirely benign tumors, he defined caicinoid tumors of the small intestine 
as small, usually multiple, submucosal, haid, grayish-white nodules nsu 
ally situated m the ileum The definition was appropriate at the time 
on the basis of the mateiial observed, but the conception that carcmoi 
tumois of the small intestine aie benign has lemained, and is a genera 
belief even at present It seems to me that the definition o 
tumois must express the significant fact that they may grow to ^ ^ 

size and produce intestinal obsti uction, and that metastasis ms occ 
111 moi e than 20 pei cent of all cases repoi ted 

62 Obernclorfer, Siegfried Karzinoide Tumoren des DfinridarmiJ, 

Ztschr f Path 1 426, 1907 
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Few tumors ha^e been gnen so mam difteient names to designate 
then sti ucture, clinical couise and origin Many im estigatois have been 
anxious to use a term that would expiess a specific deiivation Since 
1910, the term carcinoid tumor of the small intestine has been used 
almost universall} Recent woikeis in this field still use the teini cai- 
cmoid tumois even while simultaneously suggesting a new name 

Carcinoid tumois of the small intestine aie not common Only 2 
cases in which the tumor was considered malignant have been observed 
m 12,000 necropsies pei formed in the depaitment of pathology of the 
University of Minnesota However, more than 104 cases have been 
reported m the liter atm e In about 20 per cent of all lepoited cases, 
metastasis has occuiied It may be that more cases have been observed, 
but only those reports were published which appeared to be of clinical 
interest Many cases have been reported from a small numbei of Gei- 
man laboiatoiies Obeindorfer,'^® 20 cases, Toenmessen, 11 cases, 
Biiickhaidt,®^ 7 cases, and Hageman, 10 cases This may be interpreted 
m two ways, either that the tuinoi does not occur at othei places with 
the same frequency, oi that it is not looked for at neciosy The 
knowledge of this tiimoi has been based piincipally on the obseivation 
of single cases So fai as I know, my summaiy includes all authentic 
cases in the available liteiature The summaiy begins with the fiist 
case published by Langhans iii 1867, and includes the cases reported up 
to Octobei, 1929 Moie than 104 cases of carcinoid tumois of the 
small intestine ha\e been reported Although certainly not common, 
u should be considcicd as a possible cause in obstiiiction of the small 
intestine, especially if the obstiuction can be localized m the distal poi- 
tion of the ileum 


-I caicmoid tumor is usually consideied to be small In the 21 
malignant lesions, the smallest lesion was 5 mm and the largest 4 5 
cm 111 diameter, wheieas in 83 benign lesions, the smallest lesion mea- 
‘:mcd 1 inin and the laigest 2 5 cm m diametei The average size is 
fiom 5 mm to 1 cm m diameter It is well to lemember that b}' a 
consulci.ition of size alone, it is impossible to dififerentiate this tumor 
fioin adenocarcinoma 


Since Liiharsch desciibed his 2 cases of caicmoid tumors of the 
Miidl intestine, the conception that the tumor is multiple has become 
bimh lixcd as a general conception But m the entire group of 104 
eases the tumor uas multiple m onlv 35 cases and single m 60 of 95 
eases nr uhicli this information uas mailable In the group of 21 cases 
m vhich the turnoi vns malignant it nas multiple m 8 cases and single 
nr II cases i„ the group of 60 cases m uinch the tumor was bemmr 
the tumors i\erc multiple nr 27 cases and <=ingle in 49 cases There vas 
no defnrne relation ol the number of nodules the site the age of the 
patient or the incuknoe oi inctastasic 
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A deteimination ot the most common site of the piiniaiy lesion ot 
the caicmoid tumois m the small intestine is of importance to the 
pathologist and clinician In 92 cases, the piimary lesion was found in 
the duodenum in 2, m the jejunum in 11 and in the ileum in 79 The 
appaient piedilection of this tumor for the ileum becomes more pro- 
nounced if one takes into consideration only the group m which the 
malignant changes weie present Twenty-one malignant lesions occurred 
m the ileum, and of these, 17 were in the distal thud In the gioup 
of 71 benign lesions, 58 weie in the ileum, and 44 of these were in the 
distal thud In 2 cases the lesion was at the tip of a Meckel’s diveiti- 
culum 

Although the piimaiy lesion in the majority of lepoited cases has 
been nodular, in 5 of 84 cases it w'as annulai Four of the 5 annulai 
lesions weie found m the group of 21 malignant lesions 

None of the numeious suggestions advanced to explain the histo- 
genesis of caicinoid tumois of the small intestine has received unani- 


mous confiimation The piobiem has been approached from many angles 
and b% a numbei of ingenious methods Paiat,”® Masson,-® Dietrich, 
Kull and others have made detailed embryologic studies in this field 
Then conclusions do not agiee Paiat and Masson tiaced the type cell 
to the endodeim, Dietrich to the ectoderm and Kull to the mesoderm 
Fuithei infoimation appears to be essential for the clarification of these 
contradictory conclusions 

The moiphologic studies can be consideied m two peiiods betore 
the application of stains which showed the intracellular granules and 
after the application of specific gianulai stains During the first peiiod 
the principal epithelial cells of the ciypts of Liebeikuhn oi emlirjmlogic 
anomalies weie consideied as the source of caicinoid tumors of the small 
intestine It is evident that the peculiar morphology and staining qnali 
ties of the cells were appreciated and by these qualities definitely distiii 
guished fiom adenocai cinoma by Lubarsch m 1888 Bunting, in 1904 
made a distinct contribution wdien he emphasized the resemblance of t le 
cells to those which foim basal cell caicmoma of the skin 


There are few suppoiters of the numerous hjpotheses of the oiit,iu 
of carcinoid tumors from embryologic malformations, displacements or 
ai rested development The suggegstion by Huebschmann that carcinoic 
tumors oiigmate from the chiomaffin cells of Kultschitzk} ^ 
attention to a neiv approach to the imestigation of this neop asm r 
should also be given to Oberndorfer,®® who, m 1907, reporter / 
caicmoid tumor of the small intestines and obseriec tia ic 


63 Parat M Contribution a I’histopln siologie cle‘5 ^ 

reiTibr\on, Compt rend Soc de biol 90 1023 CApri 
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takes a }ellow stain when fixed in a solution of chiomic acid and foimal- 
deh) de Huebschinann, on the other hand had not observed a case, and 
did not apph his idea Numerous workers since 1914 have applied spe- 
cial stains to demonstrate the acid gianules, chromaffin gianules or 
argentaffine granules m the c}toplasm of the cells which fonn carcinoid 
tumois The present conception of the basal granule cell is that reached 
by Kull, in 1925, who expressed the belief that the gianules in the basal 
granule cell may take a chromaffin, acid or silver stain In othei words, 
this IS a single cell type The granules may, however, take various 
stains when in different functional stages The detailed work of Mas- 
son and Dainsch must be carefully investigated and confiimed on a 
laigei scale No explanation of the histogenesis of carcinoid tumors of 
the small intestine presented up to the present tune can he accepted 
without leservation 

The clinical significance of carcinoid tumors has not been coiiectly 
estimated oi understood The condition has not been diagnosed before 
operation or neciopsj This may be due to the false conception of this 
tumor as alwais small, uncommon and benign Anothei factor is the 
absence of a summary of the repoited cases In an analysis of the data 
It seems advisable to consider separately the group of 21 cases of 
malignant tuinoi and the 83 cases of benign tumor In the group of 
21 cases, thcie weie definite evidences of intestinal obstruction m 10 
The sjmptoms were nausea vomiting, constipation uitli oi without 
mteiinittent dianhea, abdominal pain loss of weight, cachexia palpable 
abdominal tumoi and enlargement of the hvei In one case the mam 
coniplamt uas cachexia and m anothei severe anemia The chief clin- 
ical pictme IS that associated with obstruction ot the small intestine, 
and it IS found in about 50 per cent of the malignant cases In the 
c:ioui) of 83 benign cases clinical evidences of a lesion were present in 
onh 6 Ihe sunptoms and signs m 4 cases were similar to those in the 
malignant group which produced obstruction of the intestinal lumen 
In 2 ca'=es the sMiiptoms and signs weie suggestne of appendicitis 

'Iheic IS cNtologic smnlariU between carcinoid tumors of the small 
mte^tme and caicmoid tumor of the appendix This morphologic resem- 
hlaiKL Ins been considered sufficient basis for considering the 2 groups 
not onh snmhr but identic il Bunting Burckhardt and Krompecher 
ixpresvtd the belief that carcinoid tumors are basal cell carcinomas of 
till, g ntro-mtcstunl tract Krompecher m a stude of this question 
not onlc reached this conclusion but subdnided carcinoid tumors into 
tliui gioiips dependent on the arrangement of the cells 

Minilantics -md differences m the clinical course of adenocarcinoma 
oi ilu snn)] iiite-tiiie basil cell carcinoma of the skin carcinoid tumors 
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of the small jntestme and caianoid tmnois of the appendix may be 
consideied briefl) The malignant natuie and metastatic tendencies of 
adenocaicmoma have lecently been emphasized by Hellstrom He 
analyzed 70 cases fiom the liteiatiire and added 3 of his own in which 
lesection had been pei formed for intestinal obstruction The usual 
featiues of this neoplasm aie too well knowp to be considered Intes- 
tinal obstiuction is usually the predominant symptom Metastasis occuis 
eaily In basal cell caicmoma of the skin, the opposite condition holds 
tiue The age of the patient is usually more than 50 yeais, and the 
duiation of the lesion from one to several years The primary lesion 
IS neaily always single, most lesions occui on the exposed portion of the 
skin, and metastasis is exceedingly raie Only a few cases have been 
leported m which the tumoi involved the legional lymph nodes Geneial 
metastasis has not been observed m any case Carcinoid tumors of the 
appendix discovered m surgically lemoved specimens usually occui in 
pel sons less than 35 yeais of age The symptoms pioduced are those 
of what IS commonly called chronic appendicitis In all proved cases of 
caicinoid tumor of the appendix, metastasis has not progiessed beyond 
the regional lymph nodes When a tumor of the small intestine is 
obseived on i oentgenoscopic examination oi is found on explorator) 
laparotomy, it is essential to considei the possibility of a carcinoid tumor 
It is not possible to make a difteiential diagnosis from an adenocarci- 
noma by physical signs or symptoms A multiple tumor in the ileum 
strongly suggests a carcinoid tumoi All tumors of the small intestine, 
legardless of numbei, size, shape or distribution, should be examined 
microscopically foi a coiiect pathologic diagnosis The surgical pro- 
ceduie, and ceitainly the piognosis, will be influenced by the correct 
histologic interpretation 


The prognosis after lemoval of caicmoid tumors of the small intes 
tine is favorable in the absence of metastasis The fact must be reco^, 
mzed that metastasis occurred in 21 of 104 reported cases In 3S per 
cent of 21 cases, general metastasis was present 


The only treatment for caicmoid tumors is surgical removal This 
is essential when the piimar)'' tumoi has reached more than I 
diametei The primary tumor m all cases in which it was ma ignan 
was about this size or larger If obstruction is produced remoia 
becomes imperative The favorable prognosis after surgica ‘ 

in the cases lepoited by Decker Bakke and Primrose shou 


6^ Hellstrom John Pnmar^ Carcinoma m Jenmum and Ht-um 
Scandmav 62 465, 1927 



COOKE— CARCL\OID IIjMORS OF INTESTINE 


597 


SUMMARY 

IZlexen additional cases ot carcinoid tumor of the small intestine are 
reported, 3 of yIiicIi were malignant and 8 of which w^ere benign Intes- 
tinal obstruction w^as caused by 3 of the malignant and 1 of the benign 
tumors Five cases occurred in the seventh decade The primar} lesion 
w'as a single circumscribed nodule in 7 cases, multiple nodules in 3 cases 
and an annulai constriction m 1 case The primary lesion was in the 
jejunum in 2 cases and in the ileum m 9 cases The size of the lesions 
varied from 02 cm to 2 cm in diameter 

In the a\ailable literature, there are leports of 21 malignant and 83 
benign caicinoid tumors of the small intestine The Iner w^as invohed 
111 8 cases, the regional Ijmph nodes in 11 cases and the serosa of tlie 
intestine m 3 cases In 10 of 21 cases of malignant tumor and in 6 
of S3 cases of benign tiimoi, the tumor produced intestinal obstruction 
The piimar^ lesion maj^ be in the duodenum, jejunum or Meckel s 
dneiticnlum, but is most commonl}'- situated m the distal portion of the 
ileum The lesion is often multiple, but usuall}’- it is single The 
largest numbei occurs in the fifth and sixth decades There is no 
special predominance in either sex 

Ihe histologic pictuie of carcinoid tumois of the small intestine 
suggests benign tumor, but metastasis occuis in about 20 per cent of 
the lepoited cases 
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VJ THE PROBABIE CAUSE I OR IHE REDUCTION IN THE 
BLOOD PRESSURE FOLLOWING MILD TRAUMA TO 
AN EXTREAIITY f 


ALFRED BIAIOCK, MD 

NASHVILLE, TERN 


III a lecent communication/ the lesults ot e\peiiinents in which the 
iilood piesstue was i educed to a low level in shoit peiiods of tune weie 
lepoited The time which elapsed m these expeiiments between the 
initiation of the tiauma and the i eduction of the pressure to the desired 
level varied appioximatety fiom one to six hours The diffeience in 
weight of the traumatized and nontiaumatized extiemites in all instances 
amounted to moie than 4 pei cent ot the body weight Johnson and 
Blalock" found that when a noimal dog is bled 0 5 pei cent of its body 
n eight at one houi intervals, the blood piessuie is usually i educed to a 
vei} low level aftei fiom eight to ten houis No evidence was found 
foi the action of a histamine-hke substance which causes an immediate 
general loss of fluid from the blood stream However, these experi- 
ments weie probably not of sufficient duiation to take into account the 
effects of decomposition pioducts which are slow m then action 

The piesent expeiiments weie undei taken in oidei to attempt to 
deteimme whethei ot not slowly acting decomposition pioducts arc 
lesponsible foi the decline in pressure aftei injui} to kige masses of 


'In order to coordinate the previous reports vith our major problem, tins 
general title has been adopted The previous communications, (a) Mechanism and 
Treatment of Experimental Shock I Shock Following Hemorrhage Arch Swg 
15 762 (Nov) 1927 (b) Trauma to Central Nervous 5} stem Its Effect on the 

Cardiac Output and Blood Pressure An Experimental Studj, ibid 19 725 (Oct; 
1929, (c) Distribution of the Blood m Shock The Oxjgen Content of tiit Venous 
Blood from Different Localities m Shock Produced bj Hemorrhage, b\ Histamine 
and by Trauma, ibid 20 26 (Jan) 1930 (d) Experimental Shock J ^ 

of the Low Blood Pressure Produced by Muscle Injurj m Dogs, i i 
(June) 1930, and (e) Trauma to the Intestines The ‘ j ^ 

Loss of Fluid in the Production of the Low Blood Pressure, ibi 
1931, are to be considered as papers I, II, III, IV and V of this senes 

T Submitted for publication, April 16, 1930 

fFrom the Department of Surgery, Vanderbilt UnwersiU vi^ol 

1 Blalock, Alfred Experimental Shock The ’fr jpjQ 

Pressure Produced b}' Muscle Injurj in Dogs, Arch Surg ^ 

2 Johnson, G S, and Blalock, A Unpublished T' cJh 

Effects of the Loss of Whole Blood, of Blood Plasma and ot ec 
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muscle The tiauma was milder m degiee, and the time that elapsed 
between the mjur} and the reduction of the piessure ^^as longer than 
in the experiments that have lieen leported previously 

METHOD 

Dogs were used in all experiments Sodium barbital, 0 3 Gm per kilogram oi 
bod\ weight administered intravenouslj , was emplo^ed as the anesthetic The 
anesthesia which was produced hy this amount of barbital w'as sufficient!} profound 
to permit of no e\idence of pain wdien the trauma was instituted An occasional 
animal ga\e eMdence of the regaining of consciousness during the latter part of the 
long period of obseriation In each instance, the original anesthesia was supple- 
mented b}' morphine The emploiment of sodium barbital in man} other experi- 
ments, m the amount used in these experiments, has shown that it usually does not 
alter the blood pressure How'cver, in an occasional experiment, barbital alone 
causes a progressive decline in the blood pressure 

The lee el of the mean blood pressure was used as the criterion ot the degree 
of shock The pressure w'as determined b} placing in the carotid arter} a cannula 
which was connected to a mercur} manometer Infrequent observations on the 
pulse rate and the temperature w'ere made 

In all experiments the injur} was produced b} striking one of the posterior 
extremities with a hammer Most of the blows were struck oier the thick flexor 
muscles of the thigh The skin was not torn and no bones were broken The 
length of tune during which the leg was struck w'lth the hammer was approxi- 
mate!} ten minutes m most of the experiments The trauma w'as ahva}s produced 
b\ the same person and the length of time that it w'ould take a gnen amount of 
trauma to produce a decline in pressure could be estimated with fair accurac} in 
most instances 

•kftcr the blood pressure had reached the le\e! which was desired, the differences 
III weight ot the posterior extremities were determined The le\el at which the 
amputations w'ere performed was in the nudabdominal region After making a 
inidhne abdominal incision extending from the x}phoid process to the S}mph}Sis 
pubis, the aorta and \ena cava were dnided between ligatures The s}mph\sis 
pubis was dnided with a saw and the bladder and the rectum were removed The 
iliac \esscls on each side were occluded The upper and lower parts of the bod\ 
were then sc\cred making transeerse incisions in the midabdominal region at 
the same lee els on both sides Transverse division of the spinal column with a 
''iw completed the amputation In some experiments the lower part of the bodv 
was then divided into two equal halves bv sawing longitudinall} through the spinal 
column The tad of the animal was then removed In other experiments, division 
was cftectcd bv sawing just lateral to the vertebral column on each side There 
was little loss of blood during these procedures 

This method of high amputation was chosen because it was found that trauma 
to an cxtremitv products an extravasation of blood not onh into the local area 
but nKo into tht loose tissues of the groin and flank imputation across the 
upper part ot the tiughs the method used bv Cannon and Bavliss^ does not take 
into account this fluid winch has been lost at a higher level 

1 Cinnon and Ba\lls^ \ote on Muscle Iiyurv in Relation to Shock Report 
OI shock Committee Medical Re'earch Committee, no 26, p 19 
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+ " '"Stances, a sample of blood was obtained for a hemoglobin determina- 

tion at the beginning of the experiment and also just before its termination After 
the posterior extremities had been removed, an attempt was made to collect all 
£ the fluid from them Each of the extremities was placed in a large basin 
Mnltip e incisions were made through each, and every part was washed thoroiwbh 
with physiologic solution of sodium chloride The percentage of hemoglobin in 
the fluid in the two basins was then determined These figures, when divided 
bv the percentage of hemoglobin of the blood and multiplied by the amount of 
fluid in the basins, gave the amount of blood that was recovered from the two 
parts Obviously, it is impossible by this method to collect all of the blood 
In additional experiments, the effects of injecting all of the fluid that could be 
obtained from traumatized and nontraumatized extremities into other dogs were 
studied In both types of experiments, the amputation was performed in the 
midabdommal region The rectum, the genito-unnary organs and the spinal 
column were removed In the experiments on nontraumatized parts, both 
extremities were used since the amount of fluid that could be recovered was small 
as compared with that from extremities that had been traumatized After the 
extremities had been placed in basins, multiple incisions were made into each, 
and all of the fluid that was obtainable was washed out with salt solution The 
tissues were squeezed vigorously in the attempt to secure all of the fluid In 
the experiments on traumatized extremities the injury was graded so that the 
time that elapsed between the initiation of the trauma and the reduction of 
the pressure to the desired level varied from three hours to three da>s After the 
traumatized extremity had been removed, the fluid w'as obtained from it as in the 
case of the nontraumatized extremities In both types of experiments, the fluid 
which was kept at body temperature was introduced into the external jugular vein 
of another dog anesthetized by barbital The blood pressure of the recipient was 
recorded during the introduction of the fluid The fluid was given rapidly in all 
experiments except one, the total time consumed in most experiments being 
approximately five minutes The total amount of fluid obtained from the extrem- 
ities plus the salt solution used in recovering it equalled in most experiments 
approximately 400 cc In one experiment the fluid was injected into the muse es 
of the posterior extremities of a normal dog, and in another it was introduce into 
the peritoneal cavity 


RESULTS 

The effects of mild leg tiauma on the blood pvessure and the differ- 
ence m weight of the two extremities were determined in fifteM experi- 
ments In five of these the blood pressure was higher than /O mm o 
mercury at the time of the amputation These experiments are groupe 
together In the remaining ten expeiiments, the bloo pressure 
lower than 70 mm of mercuiy 

1 E.petnueafs ut Which the Blood Piessme Was 
70 mm of Meicmy at the Time of the Ampufafion ^ 

length of time between the traumatization and tie ampiia 
extremities was forty-four hours and thirteen minti es expen- 

mean blood pressme just p.to. to ™P"“m°wed eMrem.l. uk 
ments %vas 108 mm of mercury The traumatize 
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fiefinilch laigei than 11k opposite noimal one in all oxpci imcnts 'I he. 
aveiage clifleicncc in weight of the two extieinilies ainovintecl to 2 41 
pel cent ot the hoch weight, the \.iiialioii in the dilTeicnt cxiiei iinenls 
being fioin 1 62 to 3 pei cent of the l)od\ weight J he ammint ol whole 
blood that was iceo\eied fioin the tianmati/ed extieinities \aiied fioin 
50 to 133 cc Theic was an mcicasc in the licinoglobin content ot the 
bloocl in all expeiiinents 

The obsei Nations in these cxpeinnenls aie gi\en in table 1 

2 pci uncut'! in II huh flu Mam Nlooil Ficaua ll la L( fs 1 hon 
70 nun of Mcictnv at the 1 tnn ot hnpntation — In li\e nl these 
expel iinents, the animals weic allowed to die and m the leinannng 
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five the mean blood piessuic just piior to the amputation langcd fiom 
64 to 69 mm of mercui) The time mteival elapsing between the 
traumatization and the teiinination of tlic cxpeiiment langed fiom 
nineteen hours to fort 3 '--nine hotns and forty-five minutes, the aNeiage 
duration bemg thirtj-two houis and sixteen minutes The aNerage 
diffeience in w^eight of the two extiennties in tlie ten expenmeiits 
amounted to 3 66 per cent of the body w^eight, the individual figuies 
for the diffeient experiments vaiying from 2 48 to 5 53 per cent In 
eight of the ten expeiiments the diffeience amounted to more than 3 
per cent of the body w^eight The quantity of wdiole blood lecoveied 
from the traumatized extremity varied fiom 40 to 154 cc Theie w'as 
a concentration of the blood in all experiments m wdiich hemoglobin 
determinations w^ere pei formed 

The values for these experiments are given in table 2 
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The posterior extremities of an animal that died thirty-nine hours after the 
right leg was traumatized The difference m weight of the two extremities 
amounted to 4 81 per cent of tiie body weight This is experiment 4 recorded in 
table 2 


Table 2 — E\pei iments m Which the Mean Blood Piessuie IVas Reduced to Less 
Than TO Mm of Meicuiy by Mild Leg Tiaunia 
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The accompan) mg illuslt.iUon shows the jjoslcnoi exlicmtlics ol an 
animal thnt}-nme horns aflci one at the c\U unities was li<mm<iti/cd 

3 The Ejjicis of Inti ochunic/ into Dogs the Fluid Ohtcuned fioiii 
the Monti aiiinaticed Eiti ciuitit<! of Othci Dog<; — Fne expeiinients of 
this t}pe w’cte puloimccl In most instances the dog that was 
ti aiiinati/.ed was laigei than the iccipient of the (IukI In foin of the 
five expel iments thcic was a maiked decline in the lilood prcssuic 
eithei during oi lmmedlatcl^ aftei the introduction of the fluid One 
of the dogs died five houis .iftei the fluid was gi\cn It is l)elie\ed 
that the othei four would ha\c iceo\cied h<id the\ been gi\en the 
oppoi tunit} 

These fne expenments aic described biieih in the fust ])<ut ol 
table 3 

4 7 he Effects of Inti odm iiig into Dogs tin I Inid Ohtmncd ham 
the 7 laiiiiKiliccd Extieinific^ oi Othci Do<ii — lllc\en expenments of 
this t\pe weie jieifoimed In eight of these the nmd was introduced 
lapidly into the external jugulai \em m one it was slowh gnen mtia- 
\enoush, m one it was injected into the museles ot the legs and in the 
remaining expciiment it was introduced into the jjcntoncal caviU The 
results in those cxjienments were exticmelv ^arlable The animal that 
recened fluid into the muscles of the thigh died eight hours latei while 
the one that had fluid and laceialed muscle introduced into the peritoneal 
cant} lecovcred In the one experiment in which the fluid was slowh 
introduced mtracenoush , the animal died two and one-half hours after 
the beginning of the injection and befoic it had been completed In 
three experiments in which the fluid was lapidh intiocluced intia- 
venously there w^as an initial rise in the blood piessuic while in the 
remaining fi\e there was a marked decline Seven of the eight animals 
died after the fluid was administered '1 he intenal of time that elapsed 
between the introduction ot the fluid and death caned fiom seceial 
minutes to tw^enty-foui houis In seveial instances, autops} levealcd 
blood-stained fluid m the peiitonea! cavil), macioscopic hemoirhages m 
sec era! organs and a thickened, giacish gallbladder In thiee of foui 
expenments in cvhich an extremity of a eery fat dog was tiaumati/ed. 
It evas obseic^ed that the giving of the fluid from this extremitc to 
anothei dog produced almost immediate death The rcspnations stopped 
several minutes befoie the heart stopped beating Short inteicals of 
time separating the trauma to the extremity and the introduction of the 
fluid into another animal seemed to be associated cvith just as sec ere a 
reaction as did the longer interc'als 

The results of these expenments are given in brief in table 3 



T 3 — riic Effccl^ oj Iiiii odiicing into Dogs the Fluid Obtained fioiii 
Ti aiimalizcd and Nontiaumatizcd E\ti eiiiitic<; 


Mature 

of 

Experi Experi 
ment jnent 

Time Interval 
Between 
Trauma and 
Amputation 

Initial 

Effect of 
Injection on 
Blood Pressuie 

Jlore Remote 
Effect of 
Injection on 
Blood Pressure 

1 

Normal 

e\tremities 

No traum i 

Ecll from ISO to 

58 mm immedi 
atelv after in 
jection ended 

Returned to normal 
control lev cl four 
hours 1 iter 

9 

Moimal 

extremities 

No tiauma 

roll from 11" to 

57 mm during 
njection 

Returned to normal 
control lev cl three 
hours latei 

o 

O 

Normal 

extremities 

No tr lum x 

Fell fiom I'C to 
46 mm during 
injection 

Rose slightly one 
hour later, animal 
died 5 hours after 
injection 


10 


11 


12 


13 


14 


15 


10 


Normal 

extremities 

No tr urma 

Slight ri«e in 
blood pressure 
during in 
jection 

Normal 

extremities 

No traum i 

Fell from 150 to 
lOinrn during 
injection, re 
turned to normal 
immediately 

Leg 

trauma 

4 hours, 

45 minutes 

Rose from 100 
to 145 mm 

Leg 
traum x 

3 hours 

Slow introduc 
tion 01 fluid 
first rise, 

1 Iter fall 

Leg 

trauma 

17 hours, 

30 minutes 

I ell from 1"4 to 
04 mm and 
then rose to 150 

Leg 

trauma 

50 hours 

Fell from 120 to 
77 min during 
injection 
immediate 
rise to 130 

Leg 

traum r 

20 hours 

Rose fioin 127 
to no during 
injection 

I eg 

trauma 

70 Iroirrs, 

00 minutes 

rminediate fall 
from 12S to 

47 mm 

Leg 
tr aunra 

2o hours 

Immediate tall 
from 153 to 

50 mm 

Leg 

trauma 

3 hours 

Immediate fall 
from 118 to 

20 min 

Leg 

trauma 

20 hours 

Rose slightly 

during 

injection 

Leg 

trauma 

5 hours 

No alteration 
in pressure 

I eg 

5 hours 

Not determined 


Comment 
Immal reco^ creel 


Later injection of 
equal amount of 
normal salt solution 
produced no altera 
tion in blood pressure 

4utopsj showed 
bloody fluid m pen 
toneal cai itj , edema 
of gallbladder mjee 
tion of duodenum, 
hemorrhages of lucr 
ind spleen 


Blood pressure re 
mainecl at normal 
level 

Practically normal 
24 hours later 


felon decline death 
si\ hours later 


Slow decline death 
hours after 
iwcction 
started 

Two hours later 
n as 84 4 hours 
later was HO 


Fire hours later 
rrasOG died 22 
hours after 
injection 


Slorr decline, died 
5 horns later 

Pied S minutes after 
injection ts 
started 


Pied 7 minutes after 
injection rvas 
started 


Pied 10 minutes 
after injection 
rras started 
Slorr decline died 
7 hours 'D 
troduction of fluid 

Pied S hours later 


4 niin il rccor 


ered 


Bloody fluid m pen 
toneal cavity 
hemorrhages m 
r anous organs 
Bloody fluid m pen 
toneal car itj 
hemorrhages in 
various organs 

Animal hilled 24 
hours later no free 
fluid no gross hem 
orrhages gallblad 
der normal, donor 
rery fat 

Temp 02 S r before 
death small amount 
of free fluid in pen 
toneal and P'™™ 
cavities gallbladder 
thick rr ailed 
Blood stained fluid 
m peritoneal canty 

Ponorrerj f«tdog 

Breathing ceased ser 

eral minutes before 
heart stopped beat 

Jng gallbladder pre 

oented normal ap 
pearanee at autopsy 

Ponorrerj Ja^dog, 
Ballbladder thick 
walled and whiti'h 
no free peritoneal 
fluid respiratory 
death 

ponorverr fat (loP 
respiratory death 

>0 autop=' 

FJiiid wa= 'b-ij*’/,'’'] 
into thigh mu < e 
none intravenou b 
•Fluid and laceratf' 


tnuma 
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In the pievious expcnments ^ on tianma to !ai!?c masses of muscle, 
the time that elapsed between the initiation ol the li.iiima and the 
icduction of the piessinc to a low level vaned fiom one to six horns 
Although the expeiiments of Cannon and Ba)'hss ’ aie not desenbed 
in detail apoioximately the same mtcival of time chipscd J bc) found 
that theie was not sufficient bleeding into the injuied aica to account 
by itsclt foi the icduction in the blood piessuic Section of the uppci 
lumbal cold m some of then expeiiments showed that the fall in 
blood piessuie was not due to any geneial effect of the liauma on the 
cnculation bi ought about by nenous agencies It was believed that 
the continued fall in picssurc following tiauma was pioduced b) the 
absoiptioii of some depiessant substance In my experiments on se\eic 
tiauma of shoit duration, the difTcrencc m the weight of the 
extiemities m all instances amounted to moic than 4 pci cent of that 
of the total weight of the animal Since bleeding a dog 4 pci cent of its 
body u eight duiing a similai peiiod of time causes a maiked decline in 
the blood piessuic, the loss ol blood into the injuied aiea was behe\ed 
to be lespoiisible foi the diop in the pressiiic It was pointed out 
that the disci epancy between these lesults and those obtained by Cannon 
and Ba 3 hss was piobably due to the diffeience in the methods by which 
the postenoi c-xticmitics wcie amputated I-Iouevci, jiiobabh’’ neithei 
of these gioups of expeiiments was of sufficient duiation to lule out 
the effects of metabolites which aie veiy slow in then actions The 
time which elaiised between the tiaumati/ation and the am])utation of 
the extremity in the picsent expeiiments ^allcd fiom nineteen to 
seventN houis Expeiiments of such long duiation have the dis- 
advantage that the animals have to be dceplv anesthetized dining the 
entile peiiod and this piobably alteis somewhat then ability to toleiate 
such piocedures as loss of blood Depnvation of watei and food alone 
foi several days results in concentiation of the blood ’ and piobably 
in a decrease in the ability to withstand hemouhage The giving of 
barbital does not altei appieciably the immediate toleiance to hemoi- 
rhage The effect of baibital on the ability of the animal to withstand 
hemorrhage twenty-foui or more hours aftei its administration has not 
been accurately detei mined, but it was definitely decreased m the 
seveial expeiiments which weie peifoimed Dale"' found that a cat 
that had been anesthetized by ether foi two hours would tolerate only 

4 Underhill, F P , and Kapsinow, R The Influence of Water Introduction 
upon Blood Concentration Induced by Water Deprivation, T Biol Chem 54 459 
1922 

5 Dale, H H Supplementary Note on Histamine Shock, Report of Shock 
Committee, Medical Research Committee, no 26, 1919, p 15 
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one-iifth as iiiuch lustaimne without dying as uould tire «anre cat uitli 

out an anesthetic Siimlai studies have not been peitoimed vith 
histamine and baibital 

In the five expenments m nhich the blood pressine nas higliei than 
70 mm of mercury at the time of the amputation, the aveiage diffeience 
in the weight of the two extiemities was 2 41 pei cent ot the body 
weight The blood pressure at the teunmation of four of these expeii- 
ments was higher than 90 mm of meicmy Theie was an easih 
apparent difieience m the size of the extremities m all experiments It 
IS believed but not proved that the size of the traumatized extremity vas 
smallei in some of these extiemities at the time of the amputation than 
it M’^as thii ty-six boms after the receipt of the injury 

In the ten expenments m winch the iwessme was i educed to less 
than /O mm of mercuiy the aveiage difference in the weight ot the 
two extiemities was 3 66 pei cent of the body weight In the expeii- 
ments m which it was detei mined, the vidiole blood that was recoveied 
accounted foi only about one fouith of this difference Obviously it 
was impossible, by the method used, to lecover all of the blood How- 
evei, It can be stated with ceitainty that the led blood cells constituted 
a relatively small pait of the fluid which escaped into the mjuied aiea 
The piopoition was much smaller than m the previoush leported 
expenments m which the tiauma was inoie severe The gi eater part ot 
the fluid which was lost was probably blood plasma There was con- 
centiation of the blood in all experiments in which determinations ot 
the hemoglobin weie peifoimed These tests weie pei formed on blood 
from the femoial vein of the nonti aumatized extremity They indicate 
the minimum loss of blood through filtiation of the plasma as any 
local retention of led cells would deciease the percentage Obsei rations 
of previous investigators indicate that the fluid that vias lost into the 
ti aumatized aiea was mainly the plasma of the blood Starling 
demonstrated that the walls of the blood vessels are normallv nnperme 
able to colloids Scott showed that theie is no protein in the «> 
aosorbed fiom the tissue spaces by the blood, although the fluid in tiese 
spaces contains protein Dale and Laidlaw « found that shock that is 
produced by histamine is not accompanied by an increase of t le p asma 
proteins, and they expressed their belief that whole P ^ 

than water escaped into the tissues thiough the altered cap 

6 Starling, EH On the Absorption of Fluids from the Connectue Tb 

Spaces, J Physiol 19 312, 1896 

7 Scott, F H The Mechanism of Flmd Absorption from 
J Physiol 50 157, 1915-1916 

S Dale and Laidlaw Histamine Shock, J Ph}Siol a 
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Gassei, Eilangei and J^Ieek ’ pioduced shock b> clamping the aoita. 
and eftected filtiation of the whole plasma UndeihilP" and his asso- 
ciates stated that when fluid leaves the tissues and blood m i espouse to 
local inflammatoiy reactions the fluid pouied on the smiace is plasma 
01 at least modified plasma In legaid to pulmonaiy edema they stated, 
“Certain it is that m wai gas poisoning m the pioduction of pulmonaiy 
edema the fluid enteimg the lungs has almost the same composition as 
the blood plasma’’ The chaiactei of the fluid that escapes into tissues 
ot the extiemity that has been tiaumati/cd will be the study ot a futuie 
investigation but it seems almost ceitam that its composition is 
piacticall) that of whole blood plasma 

If It be gi anted foi the moment that the fluid that is lost into the 
tiaumati 7 ed extremity has appioximatcly the same composition as has 
whole blood plasma, the cpiestion then aiiscs as to whethei oi not the 
loss of this amount of plasma could account foi the i eduction m the 
blood piessuie that W’as found Infoimation in this lespect is not 
definite Kalbus “ stated that the scium and not the led blood cells is 
the impoitant element m the replacement aftei an acute loss of blood 
Abel, Rountiee and Tuinei found that it w'as possible to withdiaw' by 
lepeated bleedings m a single day a volume of blood moie than twuce 
that contained m the bod\, with no appaient injuiy to the animal if 
onlv the coipuscles suspended m Locke’s solution w'cie returned after 
each bleeding How'ever, m the piesent expeiiments theic was no 
leplacement of the fluid wEich was lost Almost ceitainlv theie is some 
passage of watei from the tissues into the blood stieam, but piobably 
a considerable poition of this is lost in the mine and the expiied an 
IJvIorawitz found that he could keep animals alue aftei leplacing two 
thuds of seium pioteins by gum Saline solution wmuld not seive the 
purpose Bayliss pioduced concentiation by removing a pait of the 
blood, defibi mating and centiifuging it and leinjecting the coipusculai 

9 Gasser, Erlanger and Meek Studies in Secondary Traumatic Shock IV 
The Blood Volume Changes and the Effect ol Gum Acacia on Their De\elop- 
ment, Am J Phvsiol 50 31, 1919 

10 Underhill, F P , Carrington, G L , Kapsinow, R , and Pack, G T 
Blood Concentration Changes in Extensive Superficial Burns and Their Signifi- 
cance for Systemic Treatment, Arch Int Med 32 31 (July) 1923 

11 Kallius, H W Experimentell Untersuchungen uber die Wirkung des 
Serums bei der vitalen Bluttransfusion, Deutsche Ztschr f Chir 212 289, 1928 

12 Abel, Rowntree and Turner Plasma Removal with Return of Corpuscles 
(Plasmaphaeresis), J Pharmacol & Exper Therap 5 625, 1913-1914 

13 Morawitz Beitr z Chem Phys u Path 7 153, 1906 

14 Bayhss, W M The Action of Gum Acacia on the Circulation, T Phar- 
macol & Exper Therap 15 29, 1920 
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la}ei The lesult of the expeiimeut in 
of plasma was lemoved is as follows 


which the laigest pioportiou 


4 the blood pressure had 

afr mercury from its original value of 163 mm The animal died 

at the following removal of blood equal to about 20 per cent of its original blood 
volume The method is therefore impracticable, but it makes evident the impor- 
tance of the mere volume of the blood, since practically all the corpuscles nere 
returned Similar experiments m which the whole of the defibrinated blood vas 
returned to circulation had no such fatal effects 


Gasser, Erlangei and Meek ® determined the blood volume m a large 
senes of dogs and found the aveiage to be 9 7 per cent of the body 
weight They estimated that the plasma constitutes 60 per cent of the 
volume of the blood The average difference in Aveight of the two 
extiemities in the piesent expeiiments in which the blood pressure w'as 
1 educed to less than 70 mm of meicury was 3 66 per cent of the body 
^ eight Jf all the fluid that was lost was whole plasma, this would 
mean that only 37 pei cent of the original plasma was left in the 
blood stream This figuie is definitely too low, as a moderate amount 
of the loss consisted of led blood cells How^ever, the loss was sufficient 
to cause a marked elevation m the viscosity of the blood, which resulted 
m a great increase in the inteinal friction of the red cells against the 
vessel walls as has been demonstrated by Trevan The walls of the 
capillaiies m the tiaumatized area allow the escape of pioteins Con- 
cei ning this condition, Bayliss “ stated 


Since it IS the osmotic pressure of the proteins that preserves the blood from 
a rapid filtering away of its liquid portion into the tissue spaces and causes 
re-absorption of fluid from them, while this osmotic pressure can only be effective 
as long as the concentration of proteins is unequal on the tvv'o sides of the mem- 
brane, it will be clear that if the proteins can diffuse through the membrane of the 
capillary wall, their concentration will become equal on both sides and there is 
no longer any force resisting filtration or causing re-absorption 

Since the difference in the weight of the two extremities in most of 
the piesent experiments lepiesented such a laige volume of fluid w'lic 
was almost certainly laigely whole plasma, it is believed that tie 
inci eased peimeability of the capillaiies is limited mainly, if not soe}, 
to the traumatized area and that the decline m blood pressure resu s 
from the decrease in blood volume due to the loss into the injure par 

The experiments m which the fluid was taken fiom a 
extiemity and injected into another dog Avere undertakeri w it i 
tiiat the effects of trauma of long duration might be di eren 
those of short duration It was thought that this might 
light on the role played by the decomposition products m t le p 


IS Trevan Biochem J 12 60, 1918 
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of the low blood piOssure The expeiiments weie unsalisfactoiy foi 
this puipose since it was found that the inateiial that was obtained 
fiom noimal extiemites usually caused a decline in the blood piessuie 
In the expeiiments on tiaumatized extiemities, the time inteival elapsing 
between the trauma and removal vaiied fiom thiee to seventy hours, 
and no difteience in the effects on mtioduction into other dogs w^as 
determined Death resulted in most of the experiments In thiee 
expeiiments in which the mjuied extremity was removed fiom a veiy 
fat dog, immediate death lesulted m the lecipient on the mtioduction 
of the fluid The significance of this is not known 

SUMMARY 

In expeiiments on dogs anesthetized by barbital the effects of mild 
tiauma to one of the extremities were studied The time inteival that 
elapsed betw'een the initiation of the trauma and the amputation of the 
extremities vaiied fiom seventeen to seventy houis In five experi- 
ments the aveiage of the mean blood pressuies was 108 mm of mercury 
at the time of the amputation, and the aveiage difference m weight of 
the two extremities amounted to 2 41 per cent of the body rveight In 
ten experiments the mean blood piessuie rvas less than 70 mm of 
mercury at the time of the amputation and the difference in rveight of 
the trvo extiemities was 3 66 pei cent of the body weight Pievious 
expel imental work indicates that the fluid that was lost was mainly the 
whole plasma of the blood Reasons are given for the belief that the 
loss of fluids into the tiaumatized region was the chief if not the sole 
cause for the reduction m the blood pressuie 

In additional experiments the effects of injecting fluid obtained from 
extremities which had been tiaumatized into other dogs were studied 
No conclusions could be drawn from these experiments, since the 
introduction of fluid obtained from nontraumatized extremities into 
other dogs finally caused a decline in the blood pressure 



EXPERIMENTAL SHOCK 

Vir THE IMPORTANCE OF THE LOCAL LOSS OF FLLID IN 
THE PRODUCTION OF THE LOW BLOOD PRESSLRC 
AFTER BURNS 

ALFRED BLALOCK, MD 

NASHVILLE, TENN 


The literatine on the subject of bums is voluminous and the 
theoiies that have been ofteied as an explanation for the eftects 
produced by burns aie nuineious In 1898 the four pi evading theones 
as to the cause of death aftei extensive bums when Bardeen ^ levieiied 
the hteiatuie and piesented his excellent studies were 

1 It is due to inteifeience with the lespiratoiy, the excietoiy and 
the heat regulating functions of the skin 2 It is due to vasomotor 
exhaustion 3 It is caused by injury to the red blood cells with lesuit- 
ing thiombosis 4 It is due to toxemia Advances in the undeistand- 
ing of the mechanism wheieby extensive bums produce death have not 
been maiked dining the past thirty yeais The prevailing theory is and 
was that the deleterious eftects aie due to the absoiption of toxic 
Dioducts fiom the injured area On the contiary, distinct advances have 
been made in the treatment foi bums in lecent j^ears, and the mortality 
late has been loweied considerably This is due in part to the 
fact that the importance of keeping the wounds from becoming 
infected has been appieciated The use of agencies which supposed^Iy 
prevent the absorption of toxins, such as epinephrine (Douglas') 
and tannic acid (Davidson®), has given encoui aging results Robert- 
son ■* attributed the good i esults which he obtained by using the 
exsanguination-transfusion method to the elimination of the toxins 


Submitted for publication, April 16, 1930 

From the Department of Surgery, Vanderbilt University 

1 Bardeen, C R A Review of the Pathology of Superficial Burns, luj 
a Contribution to Our Knowledge of the Pathological Changes ^ 

Cases of Rapidly Fatal Burns, Johns Hopkins Hosp Rep 7 Du 

2 Douglas, B Restriction of Rate of Flow and Interchange in ap 


J 


A M A 81 1937 (Dec 8) 1923 ^ 

3 Davidson, E C Tannic Acid m the Treatment of Burns, bur,. 


Giucc 


Obst 41 202, 1925 
4 Robertson, B 


Blood Transfusion in Severe Bums in Iniant. an 


Children, Canad M A J 11 744, 1921 
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Underhill and his associates ''' behe\ed that the ill effects follo^\lng bums 
were due to marked concentration of the blood, and thev obtained 

excellent results b} simply forcing fluids 

In previous experiments ® the amount of fluid that ^\ as lost from the 
blood vessels m the injured area after trauma to an extremit\ and to 
the intestines ^^as determined The present experiments were under- 
taken in order to determine the amount of fluid that escapes from the 
blood lessels at the site of extensue burns 

METHOD 

Dogs were used in all experiments A sufficient amount of sodium barbital 
(03 Gm per kilogram of bod\ weight administered intra\enousb ) was gnen 
to keep the animal deeph anesthetized during the experiment The blood pressure 
was determined bj placing in the carotid artcr\ a cannula which was connected 
to a mercury manometer The le\el of the mean blood pressure was used as the 
criterion of the degree of shock The hair was rcmo\ed from the bod\ and 
extremities of the animals b} the use of either fine clippers or a razor The 
longitudinal midhnes on both the dorsal and \entral surfaces of the dogs were 
marked with ink A sample of blood for a hemoglobin determmtaion was 
obtained from the femoral lem ^VIth the animals profound!} anesthetized, \arv- 
ing amounts of one half of the bod} surface were burned with soldering irons 
No attempt was made to measure the surface area which was burned, but in the 
greater portion of the experiments it equalled approximate!} one third of the 
entire body surface. In se\eral experiments the area was defimtel} less than 
that The time during which the irons were applied intermittent!} %aried approxi- 
mate!} from ten to forti minutes The blood pressure was determined at intre- 
quent intervals throughout the experiments After a decline in blood pressure 
of vaiwnng degree had been obtained m the different experiments, the amount of 
fluid that had accumulated in the burned area was determined This was accom- 
plished b} dividing the animal’s bod} into two equal halves Incisions into the 
skin both dorsalh and ventralh were made along the lines that had been marked 
at the beginning of the experiment This was necessarv, because the skin became 
retracted toward the burned side The recti abdominales muscles were separated in 
the midline b} an incision extending from the xiphoid process to the s}mph}sis 
pubis A saw was emplo}ed in splitting the sternum in the midhne in a longi- 
tudinal direction The animals neck was cut across in a transverse direction at 
the same levels on the two sides A saw was used for cutting across the cervical 
spinal column The head of the animal was discarded The symphysis pubis 
was divided with a saw All of the intra-abdominal and intraperitoneal organs, 

5 Underhill, F P , Carrington, G L , Kapsinow, R K, and Pack G T 
Blood Concentration Changes m Extensive Superficial Burns and Their Signifi- 
cance for S}stemic Treatment, Arch Int Med 32 31 (Julv) 1923 

6 Blalock, A Experimental Shock The Cause of the Low Blood Pressure 
Produced bv Muscle Injur.v m Dogs, Arch Surg 20 959 (June) 1930, Trauma of 
Intestines The Importance of the Local Loss of Fluid in the Production of 
Low Blood Pressure, ibid 22 314 (Feb) 1931, Experimental Shock VI The 
Probable Cause for the Reduction in the Blood Pressure Following iMild Trauma 
to an Extremit}, this issue, p 598 
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mdudmg the diaphragm, were removed en masse Turning to the dorsal surface 
of the ammal, the skm incision was extended through the muscles on each side 
immediately lateral to the spinous processes Employing a saw and beginning in 
the lower cervical region on each side, the ribs were divided at their junctions 
with the spinal column and the sacro-iliac joints were cut across This resulted 
in a complete removal of the spinal column and tail wdiidi were discarded The 
two halves of the body were then weighed and the difference in weight was deter- 
mined In eight of the expetiments a sample of blood was obtained for a hemo- 
globin determination just pnoi to the periormance of the amputation 


RESULTS 

The application of heat to the skm of a dog does not cause blisters 
Theie is no weeping fiom the stuface of the skm The appearance 

The Effccis of Bums 
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piodiiced IS similai to that seen aftei the application of tannic acid to 
a burned aiea m the Imman being The skm feels much like leathei 
Aftei the elapse of vaiymg periods of time following the burn, depend- 
ing on Its seventy, the subcutaneous tissues feel thickened an 

edematous , r . mnt 

Eighteen experiments were peifoimed The interval of m ^ 

elapsed between the burning and the division of the animal 
the diffeient expeiiments from six to twenty-six hours the av 
time m all expeiiments being fourteen hours and thirty-three minutes 
rtluee mstaLs the mean blood p.essure naa SO mm of mercer, or 
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moie at the teimmation of the experiment, in six it vaiied fiom 28 to 
66 mm of meicvuy aiid the remaining nine animals weie allowed to 
die In all expeiiments, the average difference m weight of the two 
sides ot the body expiessed m percentage of the initial w'eight of the 
animals Avas 3 34 In fourteen of the eighteen experiments the diftcr- 
ence amounted to moie than 2 75 pei cent of the body weight ihe 
figures for all expeiiments aie given m the accompanying table 

Incisions into the burned aiea revealed the cause foi the inciease 
in w'eight of that side The subcutaneous tissues w'eie markedly 
edematous That all the fluid did not accumulate immediately after the 
area w^as burned Avas shoAvn b}’' making incisions at A^anous times after 
the injury and noting the piogressiA'e formation 

In the eight experiments in A\hich hemoglobin determinations AAere 
peifoimed, the burns caused a marked concentration of the blood If 
the percentage of hemoglobin at the beginning of the expeiiments is 
considered to be 100, the aAeiage percentage at the teimmation is found 
to be 148 


COAniEXT 

In previous communications® the amount of fluid that Avas lost tiom 
the injured area after seveie trauma to an extiemity, after mild trauma 
to an extiemity and after trauma to the intestines Avas reported Red 
blood cells constituted a small pait of the loss aftci mild tiauma to an 
extremity and after tiauma to the intestines, Avhile after severe trauma 
to an extremity the fluid that escaped Avas largely Avhole blood It AA'as 
concluded that the escape of fluid fiom the blood stieam in the 
tiaumatized aiea A\'as the chief if not the sole factor responsible for 
the reduction in the blood piessuie The fluid that escapes from the 
blood vessels into the subcutaneous tissues of a burned area contains 
practically no red blood cells From the Avoik of previous inA estigators, 
It Avould be expected that this fluid A\muld have practically the same 
composition as the plasma of the blood Gasser, Erlanger and Meek " 
found that the protein content of the blood plasma underiA^ent no marked 
change during the process of the concentration of the blood after the 
aorta bad been clamped, and they believed that the plasma was lost 
mainly as a Avhole Underhill ® stated that the fluid that escapes into 
the lungs in the pulmonary edema produced by Avar gases has almost 
the same composition as the blood plasma Beard and I ® in unpublished 

7 Gasser, Erlanger and Meek Studies in Secondary Traumatic Shock 
IV The Blood Volume Changes and the Eftect of Gum Acacia on Their Devel- 
opment, Am J Physiol 50 31, 1919 

8 Beard and Blalock, A Unpublished Determinations on the Composition 
of the Fluid Which Escapes from the Blood Vessels in Leg Trauma, Intestinal 
Trauma and Burns, 1930 
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obseivit.ons found that the fluid that collects in the subcutaaeo.,, 

tissues afte, bums has almost as high a p.oteiii content as has the 
plasma of the blood 


The aveiage difference m weight of the two sides of the body m 
tie present experiments amounted to 3 34 per cent of that of the body 
The question arises as to wdiethei or not the loss of this amount of 
plasma could account for the reduction in the blood piessuie Even if 
It could be definitely proved that the decline in pressure in the present 
experiments ivas due solely to the loss of plasma, it would not rule out 
the action of possible toxic products after burns of longer duration It 
IS difficult to inteipiet the lesults of expeiiments of very long 
duration in which profound anesthesia and deprivation of food and 
w^atei aie complicating factors In the piesent experiments the longest 
inteival of time elapsing between the application of heat and the 
termination of the expeiiment was twenty-six hours The incomplete 
experiments of Johnson and m)''self,® in which an amount of blood 
which equals 0 5 pei cent of the body weight is removed at one houi 
mtei vals, shoiv that it is usually necessary to remove at least 4 pei cent 
before the mean blood pressure will remain below 70 mm of mercuiy 
As legal ds the leinoval of plasma and leinjection of tlie cells over a 
similai period of time, it is found that the blood pressuie is usually 
1 educed to a loiv level after plasma amounting to approximately 3 5 pei 
cent of the body W' eight has been removed Bayhss found that the 
lemoval of 47 pei cent of the plasma in a cat caused a reduction in 
the blood piessuie from 163 to 75 mm of mercury The animal died 
following the removal of blood equal to about 20 per cent of its 
original blood volume Gassei, Eilangei and Meek’ detei mined the 
blood Amlume in a large senes of dogs and found the aveiage to be 9 7 
per cent of the body weight, and they estimated that the plasma con- 
stitutes 60 per cent of the weight of the blood On comparing the loss 
of plasma m the piesent expeiiments (appioximately 3 34 per cent 
of the body w’'eight) with the estimated total of the animal, it is found 
that approximately 57 pei cent of the total plasma escaped from the 
ciiculating blood stream It is apparent that the loss of such a large 
amount of plasma would cause a concentration of the blood and an 
increase in the fiiction between the red blood cells and the walls of the 
vessels It is likely that some of the fluid that w^as lost from the blooc 
stream was leplaced by the passage of water from the tissues o tie 
body Since no fluids were administered during the experiment, pro a > 

9 Johnson and Blalock, A Unpublished Obser^ ations upon the Compantn e 
Effects of the Loss of Whole Blood and of Plasma, 1930 

10 Baj hss, W M The Action of Gum Acacia on the Qrcu ation, 
macol & Exper Therap 15 29, 1920 
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a laige piopoition of this was lost in the urine and in the expiied an 
At any rate, the passage of watei from the tissues to the Wood stream 
would not lesult m a leplacement of the piotem of the plasma In 
addition to the loss of fluids in the mine and the expired an, anothei 
source, piobably of small importance, is the deh)dration ot the skin 
produced as a diiect result of the local application ot heat All of these 
factois are neglected in the determinations of the loss of fluid from the 
blood stream 

Undeihill,^^ tiom his studies on poisoning by iiai gases, concluded 
that concentiation of the blood exceeding the noimal b} 25 pei cent is 
attended by giave sjmptoms and that a level maintained at 40 per cent 
or moie above the nomial is usually followed by death The aveiage 
inciease m the concentration of the blood in the piesent experiments 
was 48 pel cent Whethei the concentiation of the blood is due to the 
loss of fluia exclusivel} into the injuied aiea or whethei theie is a 
geneial inciease in capillai} peimeability with loss ot fluid as a result 
of toxic pioducts cannot be stated definitely fiom the piesent expeii- 
ments The expeiiments of Bayhss and ot Johnson and m)self indicate 
that It is due solel} oi almost to the loss of fluid into the burned aiea 
alone Baideen^ found swelling and focal degeneiations of the l 3 'mph- 
atic tissues of the bod) aftei bums Weiskotten’-- stated that the supia- 
lenal glands ivere swollen and deep led Theie is a gieat amount of 
othei good evidence ivhich indicates that a toxin which exeits a geneial 
effect is formed How e\ ei , it is impossible to escape the fact that the 
loss of such large amounts of whole plasma into the binned aiea must 
play an important part in causing a reduction in the blood piessure as 
a lesult of the diminution in the blood volume Regardless of whether 
oi not death is due solely to the loss of plasma, the pi esent experiments 
indicate that the fluid loss probably is the initiating factoi m the decline 
of blood pressuie After the blood volume is i educed and the blood is 
veiy concentrated, it is likely that toxins if piesent, even in small 
amounts, ivill exert deleterious effects since elimination bj'^ the kidneys 
IS greatly i educed In the human being, the factor of loss of fluid aftei 
bums may be even moie important than m the dog, since there is 
frequently copious w'eeping from the injuied skin in man, and this is 
not encounteied in dogs It is entirely possible that such agencies as 
tannic acid and epinephrine exert their beneficial effects by preventing 
loss of fluids lather than by stopping the absorption of toxins 

11 Underhill, F P The Lethal War Gases Pin siologv and Experimental 
Treatment New Ha%en, Conn, Yale University Press 1920 

12 Weiskottcn H G Histopathologi' of Superficial Burns T A. j\I A 

72 259 (Jan 25) 1919 ‘ 
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SUMMARY 

The eftects of bums on the escape of fluid into the tissue spaces of 
the mimed aiea have been determined in eighteen dogs anesthetized 
deeply by barbital Vaiying amounts of one half of the body surface 
weie burned, and the diffeience m weight of the two halves of the body 
was determined In all instances the burned side was heaviei, the 
average diffeience m weight m all experiments being 3 34 pei cent of 
the total weight of the dog The important role that this piobably 
exeits 111 the i eduction of the blood piessure has been discussed 



EXPERIMENTAL SHOCK 

YIII THE COMPOSITION OF THE ELUIP TH VT ESCAPES FROM THE 
^ BLOOD STREAM AFTER MILD TRAUMA TO AN EXTREMITY, 

* * AFTER TRAUMA TO THE INTESTINES AND 

AFTER BURNS " 

J W BEARD, MD 

ALD 

ALFRED BLALOCK, MD 

NASHVILLE, TENN 

In previous communications^ the amount of fluid that is lost fiom 
the blood stieam at the site of injury after seveie trauma to an extiem- 
ity, after mild tiatima to an extiemity, aftei trauma to the intestines 
and aftei bums was lepoited When an extiemit) is tiaiimatized 
severely, the fluid that escapes into the injuied subcutaneous tissues and 
muscles consists largely of whole blood Some red blood cells escape 
from the blood vessels aftei mild trauma to an extiemity and after 
tiauma to the intestines, but the propoition is much smaller than 
after seveie tiauma Bums aie associated with the escape of clear 
fluid with few red cells into the subcutaneous tissues Gasser, Erlangei 
and Meek ^ found that the protein content of the plasma of the blood 
underwent no marked change during the piocess of the concentiatioii 
of the blood after clamping the aorta, and they belieied that the loss 
was for the most pait whole plasma Underhill ® stated that the fluid 
that escapes in the pulmonar) edema produced b) war gases has neaily 
the same composition as the blood plasma 

It would be expected that the loss of whole plasma would be fol- 
lowed by more deleterious effects than would result fiom the loss of 
diluted plasma or of watei The present experiments weie undei taken 

" Submitted for publication, April 16, 1930 

^ From the Department of Surgery of the Vanderbilt Universit} 

1 Blalock, Alfred Experimental Shock The Cause of the Low Blood 
Pressure Produced by Muscle Injur>V Arch Surg 20 759 (June) 1930, Trauma 
to the Intestines The Importance of the Local Loss of Fluid in the Production 
of the Low Blood Pressure, ibid 22 314 (Feb ) 1931 , Experimental Shock VI 
The Probable Cause for the Reduction m the Blood Pressure Following Mild 
Trauma to an Extremity, this issue, p 598, Experimental Shock VII The 
Importance of the Local Loss of Fluid m the Production of the Low Blood Pres- 
sure After Burns, this issue, p 610 

2 Gasser, Erlanger and Meek Studies m Secondary Traumatic Shock 
IV The Blood Volume Changes and the Effect of Gum Acacia on Their Devel- 
opment, Am J Physiol 50 31, 1919 

3 Underhill, F P The Lethal IiVar Gases, Physiology and Experimental 
Treatment, New Haven, Conn Yale Unnersitv Press 1920 
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m Older to deteunme the composition of the fluid that escapes into oi 
fiom the iiijuied aiea because ot seveial dififeient pioceduies 


MrTHODS 

Dogs were used m all experiments The animals i\ere deeply anesthetized 
by sodium barbital (0 3 Gm per kilogram of body weight given intravenously) 
The level of the mean blood pressure nas used as the criterion of the degree of 
shock This was determined by placing in the carotid artery a cannula winch 
\vas connected to a mercury manometer In some instances, samples of blood 
were obtained from the femoral vein at the beginning and termination of the 
experiments, and the hemoglobin nas determined with a Sahli hemoglobinometer 

Samples of blood and of fluid were collected at the same time if possible In 
some experiments the blood and fluid were oxalated while in others the analyses 
were performed on the serum The results were approximate!} the same nhetlier 
plasma or serum was used 

The analyses of fluid and plasma or serum weie carried out as follows The 
sugar ■was determined b}' the method of Benedict ^ The sodium sulphate, which 
w'as kept as the concentrated solution, was added mth tlie other reagents at the 
time of the determination The nonprotein nitrogen nas determined b\ the method 
of Folin and Wu ° The chlorides were determined by the method of Whitehorn® 
The Gunning " modification of the Kjeldahl method was used in determining 
the total nitrogen One cubic centimeter of plasma or serum was the amount 
used m all experiments The mixture was heated for more than three hours The 
time of distillation was fort}-fiie minutes One-tenth normal sulphuric acid was 
used for the absorption of the ammonia, and the excess ivas titrated with one- 
tenth normal sodium h 3 'droxide The figures corresponding to the total nitrogen 
w ere multiplied by the factor 6 25 for obtaining the figures foi total protein ivhich 
are used m the tables 

RESULTS 


1 Mild Ttaiiina to an Extiemity — Foui expeunients were pei- 
formed m which one of the extianities was stmek lepeated blows with 
a hammer The skin wms not torn, and no bones were bioken In 
three of the four expeiiments, samples of blood weie obtained foi the 
■various analyses befoie the tiauina was instituted The time inteival 
which elapsed between the initiation ot the tiauma and the reduction 
of the blood pressure to the desired level varied fiom twenty-two to 
thiit3^-one hours The mean blood pressme at the time of the teimina- 
tion of the experiment in two instances was above 90 mm of mercun 
and in two instances was belo'vi'’ 50 mm The tiauma w'as followed iw 
a definite concentration of the blood in all experiments Aftei the 
blood piessure had reached the desired Ie\el. approximately 15 cc o 
blood was removed from the femoral vein An incision was then ma e 


J 


4 Benedict, S R The Estimation of Sugar m Blood and Normal Urine 


Biol Chem 68 759, 1926 

5 Folin and Wu A System of Blood Anal} sis, J 

6 Whitehorn, J C A Si stem of Blood \nahsiS: 


Biol Chem 38 SI, 1919 
, J Biol Chem 45 *149 


1920 


ami Chem 28 1S8, 1S89 


7 Gunning J W Ztschr t 
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into the tiaumatized aiea and enough of the subcutaneous tissues to 
yield about 10 cc of fluid ^^as removed and centrifugated 

The chloride content of the blood plasma Avas appi oximately the 
same at the beginning and the end of the expeiiments The fluid recov- 
ered from the traumatized aiea had approximate!} the same chloride 
content as the plasma of the blood The sugar content of the blood 
plasma Avas lower at the end than at the beginning of the experiments 
The sugai content of the blood plasma Avas highei than that of the 
fluid in all experiments The abnoimally high A^aliies for sugar content 

Tablc 1 — The CotJtposilio}! of the Fluid Obtained fiom the Subcutaneous Tissues 
Aft a Mild Tiauiiia to an Eiti entity 
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*are piobabh due to the baibital anesthesia The nonpiotein nitrogen 
content Avas definitely highei at the end than at the beginning of the 
experiment The values foi the fluid fiom the traumatized extremity 
were approximately the same as those foi the blood plasma In the 
two experiments in Avliich it was determined, the total piotem of 
the plasma was greater at the termination than at the beginning of the 
experiments In three of the four experiments, the total protein con- 
tent of the fluid fiom the traumatized extiemiti Avas highei than that of 
the plasma 

The results of these foni expeiiments of mild trauma to an extrem- 
itA aie gnen m table 1 
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2 Trauma to the Intestines expeiiments weie pei formed 
iietoie the tiaumatization was begun, the blood piessuie and the hemo 
globin weie deteimined and a sample of blood was obtained from the 
femoial vein foi the vaiious analyses The trauma was produced b) 
pinching the intestines between the fingers The intestines were not 
dehveied fiom the peiitoneal cavity and the fluid that escaped from 
the tiaumatized aieas accumulated in the peiitoneal cavity The intes- 
tines weie pinched continuously m most of the experiments, and the 
time that elapsed between the initiation of the tiauma and the reduction 
of the piessuie to a level less than 70 inm of meicury was approximately 
six houis At inteivals thioughout the couise of the experiments, the 
blood piessuie was deteimined, a sample of blood was obtained from the 
femoial vein and fluid was collected fiom the peiitoneal cavity This 

Table 2 The Composition of the Fluid that Escapes Tlnoiigh the Pentoneum 
of the Intestines Dining Ti aiiinatization 
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tj^pe of expeiiment piesented advantages over the other types studied 
because the fluid could be obtained fiom the peiitoneal cavity as fre- 
quently as desiied without making an incision into the injuied area At 
the termination of the expeiiment a sample of blood was obtained fiom 
the femoial vein foi a hemoglobin determination There was a marked 
concentration of the blood in all experiments 

There -was veiy little alteration m the chlorides of the blood plasma 
throughout the couise of the expeiiments The chloiide content of tie 
fluid obtained fiom the peritoneal cavity wms approximately the same 
as that of the blood plasma obtained at the same time There were 
maiked alterations m the sugar content of both the plasma an ic 

fluid from the peiitoneal cavity thioughout the experiments, lu 
values foi both in most instances rveie appi oximatelv the same 
values for nonpiotein nitrogen w^ere nearly identical for tie 
plasma and fluid obtained at the same time There v as a p & 
nse m the nonprotem nitrogen content of both the plasma and the 
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thioughout the expeiiments The total pioteui of the plasma usually 
inci eased slightly dm mg the tiamnatization but letuined to the pievious 
control level aftei a maiked decline iii blood piessme had occuned 
The total piotein content ot the plasma was usually slightly greatei than 
that of the fluid 


Tabll 3— The Composition of the Fluid that Escapes Though the Pniioncmn 
of the Intestines Dnung Tianmaiicaiion 



O 

'O 

o 

O 


u 

o 

o 


tn 

o 



j 

o 

u 

s 

G 

o ^ 
o O 

pR 



G 

G ts 

o 

g 

O 

D 

Gs >-13 

Se 

3 

©44, 

IS 

s s 

S ^ 

O CO 

9 


Sr 

Ofi< 

9 2o a m , control 

175 

76 

597 

10 50 a m 

11 oO a m 

lOG 


580 

12 30 a m 

130 


5S0 

8 50pin 

no 


567 

5 30 pm 

54 

125 

577 


a a 



G 


G 

o 

oD 

'D 

p 

5 


OS 

go 

2s 

So 

oO 

???©> 

'Go 

30 

p" 

s 

'D ^ 

O 

HO 

S 

H o 

pn. 

S 

0.^2 

G* O 

3 ti} 

>4 4 

P'O 

S to 

Ort 

si? 

“if 

S o 

3 

G G 
OA 


151 


42 


602 


303 


37 

5^)7 

333 

350 

37 

36 

569 

231 

245 

37 

34 

590 

216 

25S 

40 

42 

552 

440 

449 

5S 

03 


O 

o 

a G 
— o 
GO 
o u 
O P. 

f-* ^ 
C- 

'G S 

67 


65 

73 

98 

69 


a 


o 

(k a 


af a. 


73 

64 

58 

70 

68 


T-vblc 4 — The Composition of the Fluid that Escapes Though the Pcntonciiin 
of the Intestines Dm mg Tiaumatication 
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Thiee of the fi%e expeiiments aie given in tables 2, 3 and 4 The 
lemaining two presented similar lesults In two of the three expeii- 
ments given in the tables the whole fluid and blood were anal}'zed, while 
in the lemaining expeiiment the serum alone was used for the analyses 
It IS possible that some concentration of the fluid that escaped into 
the peiitoneal cavit} lesulted from eiaporation oi absorption In view 
of the fact that the fluid iias collected fiequently, it is believed that this 
factoi IS negligible 
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3 Bmns — Six experiments \\eie perfoiined The haii was removed 
by the use of fine clippeis oi a lazor With the animal deeply anes- 
thetized, a sample of blood was obtained foi the contiol deteiminations 
Approximate!} one thud of the bod} surface was then binned luth 
soldei mg ii ons The time inteiwal that elapsed between the application 
of the lions and the i eduction of the piessure to the desiied level varied 

Tablp 5 — Tht Composition of the Fluid that Escapes Into the Subcutaneous 

Tissues Aftei Bui ns 
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fiom eleven to twentj-folu hou.s m the “‘’'‘™“robttiied 

the blood piessuie had reached this level a samp inguinal 

fiom the femoial vein An incision was i tissue vas 

region of the burned side, and a laige bo obtained b} ceiitn- 

removed Enough fluid for all the anal}ses 

fugating this tissue , , rthwined from the sub- 

The chloride content of the fluid tha than vas that 

cutaneous tissues was slightlv higher in all 1 the sugar 

of the blood plasma In most experiments the 
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content of the flind and the plasma was not maiked The nonprotem 
nitrogen content ot the plasma was elevated after the burn was produced 
In most expel iments, values foi the nonpiotem nitrogen of the fluid and 
the blood plasma were appioximatel)^ the same The total pioteins of 
the blood plasma usually increased slightly following the bums The 
total piotein content of the blood plasma was usually about 20 per cent 
highei than that of the subcutaneous fluid 

The lesults of these experiments aie given in table 5 

COMMENT 

The lelationship between the chloiide content of the plasma of the 
blood and of the fluid that escaped fiom the blood vessels is such as 
would be expected iiom known osmotic laws The values for the sugai 
content of the plasma and that of the fluid varied greatly in the different 
expel iments Cannon ® found a noimal or slightly increased amount of 
blood sugai in wound shock, while Fabie, Weitheimer and Clogne® 
leported a i educed content of blood sugar Duval and Gngaut,^° and 
Aub and Wu reported an inciease in the nonprotem nitrogen of the 
blood plasma m tiaumatic shock Then observations agree with those 
found m these expei iments It was also found that the nonprotem 
nitiogen content of the fluid that escapes fiom the injuied vessels is 
approximately the same as that of the blood plasma The increase in the 
nonpiotem iiitiogen of the plasma is piobably due eithei to tissue 
destiuction oi to the decrease in uiinary secietion which accompanies 
the low blood piessuie It is believed that none of these analyses is of 
major impoitance m the piesent studj^^ 

As legal ds the loss of fluid into the mjuied area in the experiments 
which have been repoited pieviousljA the anahses of particulai interest 
in the piesent experiments are those of the piotem content of the plasma 
and of the fluid that escaped fiom the blood vessels at the sites of injuiy 
In most of the experiments the protein content of the fluid that was 
obtained fiom the damaged aiea was neaily identical with that of the 
blood plasma The fluids contained m the tissue spaces normally have 
the same composition m salts as the blood plasma There is a free mtei- 
change of watei, salts and substances with a small moleculai weight 

8 Cannon, W B Acidosis m Cases of Shock, Hemorrhage and Gas Infec- 
tion, JAMA 70 531 (Feb 23) 1918 

9 Fabre, Wertheimer and Clogne QueJques considerations sur les modifica- 
tions humorales et les reactions de I’organisme dans le shock, Bull et mem Soc 
de chir dc Pans 45 8, 1919 

10 Dmal and Gngaut L’mtoxication par les plaies de guerre la retention 
arotee des blesse, Coinpt rend Soc de biol 81 873, 1918 

11 Aub and Wu Studies in Experimental Traumatic Shock HI Chem- 
ical Changes m the Blood, Am J Phasiol 54 416, 1920 
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between the Wood stieam and the tissue spaces Tins is not true of 
colloids (mainly pioteins), as the blood vessels are noiinally ,mper- 
meable to them This is important because the suction foice (osmotic 
pressme) excited by the plasma proteins normally serves to counter- 
balance almost exactly the filtration force due to the hydrostatic piessuie 
m the capillaries This fact was demonstrated by the expeiiments of 
Starling 12 recently by those of Schade and his co-workers 

Schade stated that the edema fluid that occurs in caidiac failure or 
nephrosis has a veiy low piotein content A high protein content of 
edema fluid can be due only to increased capillary permeability and 
indicates that the trauma must have lesulted in seveie capillaiy damage 
In regard to the mechanisms that operate after hemorihage and after 
tiauma, Cannon stated 


In normal individuals after hemorrhage, there soon occurs a dilution of the 
blood due to the passage of fluid from the tissue spaces into the blood stream 
The mechanism of this occurrence is explained by Starling as due to such 
reduction of the blood pressure in the capillaries that the filtration pressure from 
within them no longer offsets the greater osmotic pressure of the plasma as 
compared with the lymph, and consequently water passes into the blood stream 
It IS one of the unexplained features of shock that with the low venous and 
arterial pressures this process does not occur Instead, the plasma as a whole 
makes its escape through the vessel walls 


Studies b) Hains and Blalock 2® show very little loss of fluid from 
the tissues after hemorrhage and only a small fall in the hemoglobin con- 
tent of the blood After hemoirhage, the diminished filtration pressure 
without an increase in the osmotic piessure of the tissue proteins would 
be expected to cause the passage of some water into the blood stieam 
This accounts for the small decrease in hemoglobin usually obseiwed 
In the types of shock studied m this paper, it seems that the fluid once 
escaped cannot be leabsoibed to an)'’ marked degree because the osmotic 
pressure in the nijuied tissue spaces is practically equivalent to that 0 
the blood The diminution in the capillary pressure probably tends to 
draw fluid into the blood stieam in the noninjured areas However, if 
this results, the increase m the mechanical pressure which it cause 
would tend to cause furthei loss of fluid into the injured tissues it is 
believed that the results of these experiments indicate that the loss 0 


12 Starling, EH On the Absorption of Fluids from the Connects c 
Spaces, I Physiol 19 312, 1896 

13 Schade, H IX Ueber Quellungspin siologie imd e erne 

Ergebn d inn Med u Kinderh 32 425, 1929 , r a n Aonlelon 

14 Cannon, W B Traumatic Shock, New York and London. D Applclo 

& Compam, 1923, p 44 ii rnnfcnt ot 

15 Hams and Blalock Unpublished Observations on le 
the Tissues after Hemorrhage and after Trauma, 19 



BEARD-BLALOCK— EXPERIMENTAL SHOCK 


625 


plasma proteins is the most important factor in the production of the 
low blood pressure after the procedures reported here 

SUMMARY 

Studies have been made of the plasma of the blood and of the fluid 
that escaped fiom the blood stream at the site of the injury after mild 
trauma to an extiemity, after trauma to the intestines and after bums 
The anal} ses included determinations of the content of chlorides, sugar, 
nonprotein nitiogen and total protein The fluid that escaped from the 
blood vessels of the injured area had approximately the same composi- 
tion in all of these constituents as the plasma of the blood Reasons are 
given for believing that the loss of plasma proteins at the site of injury 
IS the most important factor in the production of shock caused by the 
experimental methods used in this study 



EXPERIMENTAL SHOCK 

IX A STUDY OF THE EFFECTS OF THE LOSS OF WHOLE BLOOD, OF 
BLOOD PLASMA AND OP RED BLOOD CELLS'^ 


GEORGE S JOHNSON, MD 

A^D 

ALFRED BLALOCK, MD 

NASHVILLE, TENN 


In pievious expenments,^ the amount of fluid that was lost from the 
blood vessels in tiaumatiEed areas has been determined The fluid that 
escapes fioni the blood vessels into an extieinity as a result of severe 
trauma consists laigely of whole blood The composition of the fluid 
that escapes from oi into the injured area as a lesult of mild tiauma to 
an extiemity, tiauma to the intestines and bums of the body surface was 
found by Beaid and one of us f A B )" to be nearly identical with that 
of the blood plasma These experiments were all peifoimed on dogs 
anesthetized by baibital It was believed that the loss of fluid from the 
blood vessels in the injuied aiea was the chief if not the sole factor in 
the production of the low blood piessnie 

The present expeiiinents weie iindei taken in oidei to determine the 
toleiance ot anesthetized dogs to the loss of whole blood oi plasma, not 
into or horn the injiued area as in the pieiious experiments, hut from a 
cannula placed in an artery It seemed that this ivould give information 
as to whethei oi not the i eduction in piessure m the previous experi- 
ments was due exclusivel}'’ to the loss of fluid at the site of the trauma 
An effoit was made to remove the blood or plasma at the same rate as 
it was probably lost in the earhei expei inients In addition to affording 
a comparison with the experiments m rvhich trauma w^as instituted, the 
present expei iments were undertaken m older to determine the specific 


Submitted for publication, April 16, 1930 
From the Department of Surgery, Vanderbilt University 
1 Blalock, Alfred Experimental Shock The Cause of the Low Blood 
Pressure Produced by Muscle Injurj% Arch Surg 20 759 (June) Trauma 
to the Intestines The Importance of the Local Loss of Fluid in 
of the Low Blood Pressure, ibid 22 314 (Feb) 1931, Expernnenta Shock \l 
The Probable Cause for the Reduction in the Blood Pressure o ^ ' 

Trauma to an Extremity, this issue, p 598, Experimental Sioc 
Importance of the Local Loss of Fluid in the Production of the Lou Biooa rr 


sure After Burns, this issue, p 610 . ~ 

2 Beard, J W, and Blalock, A Experimental Shock Mil T^^^ 
pasition of the Fluid That Escapes from the Blood Stream After 
to an Extremity, After Trauma to the Intestines, and After Burns, 


this issue, p 617 
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eftects of the removal of whole blood, of blood plasma and of red 
blood cells 

METHODS 

Dogs -^vere used in all the experiments Sodium barbital, 0 3 Gm per kilogram 
of body IV eight administered intravenously, was employed as the anesthetic The 
same anesthetic in identical amounts had been used in the previous experiments 
in which injury was inflicted In some of the longer experiments, the barbital 
was supplemented by morphine sulphate in order to keep the animals quiet The 
blood pressure was determined by placing in the carotid artery a cannula w’hich 
was connected to a mercury manometer The blood was removed through a 
cannula in the femoral artery The hemoglobin was determined at the beginning 
and end of the experiments by the use of a Sahh hemoglobinometer 

Three types of experiments w^ere performed In the first group, an amount of 
whole blood corresponding to 0 5 per cent of the body weight was removed at one 
hour intervals m some experiments and at six hour intervals in others In the 
second group of experiments, an amount ot whole blood which equaled 1 per cent 
of the body weight was removed at one hour or six hour mterv^als The blood 
was defibrmated and centrifugated The red blood cells plus enough plasma to 
equal one half of the sample that had been withdrawn were introduced into the 
external jugular vein The temperature of the blood at the time of its introduction 
was approximately that of the body The interval which elapsed between the 
removal of the blood and the remtroduction was approximately twenty-five minutes 
In the third group of experiments, an amount of whole blood which equaled 
1 25 per cent of the body weight was removed at one hour or six hour intervals 
The blood w'as defibrmated and centrifugated The blood plasma was pipetted 
off and an amount ot plasma equal to 60 per cent of the blood that had been 
removed was introduced into the external jugular vein It was necessary to 
remove more blood in these experiments than in those of the second group because 
the red blood cells constitute only about 40 per cent of the whole blood The 
bleedings were continued in all experiments until death resulted 

In three control experiments, the eftects of reintroducing into the circulation 
blood which had been defibrmated and centrifugated were studied An amount of 
whole blood corresponding to 1 per cent of the body weight was removed at one 
hour intervals until ten bleedings had been performed The blood was defibrmated 
and centrifugated and all of it was introduced into the external jugular vein The 
blood pressure was approximately the same at the conclusion of these experiments 
as it was at the beginning, indicating that the defibrmated blood did not produce 
deleterious effects 

The experimental procedures that were employed m the second and third groups 
are not exactly comparable to those of the first group because a larger amount 
of whole blood was temporarily removed, and because the blood was defibrmated 
and centrifugated before part of it was reintroduced into the circulation These 
objections were partiallv met by performing the experiments that were mentioned 
m the last paragraph and by experiments similar to those which will be reported 
for the first group except that whole blood amounting to 1 per cent of the bod> 
weight was removed at one hour and six hour intervals, it was defibrmated and 
centrifugated exactly as m groups 2 and 3, and whole blood equal to one half of 
the volume which had been removed was reintroduced into the circulation The 
results were practicall} identical with those obtained in group 1, and indicate that 
tlie different observations m the three groups of experiments are not due to 
variations in the experimental methods The results of these experiments are 
given in table I In some of the experiments in groups 2 and 3, the bleedings 
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were performed twice as frequentl-\ and only one-haif as much blood i\as removed 
each time The results \\ere approximatelj the same as in the experiments in 
vhich the procedures Mere not altered 

RESULTS 

Gionp 1 Removal of Whole Blood Amounting to 0 5 Per Cent of 
the Body Weight — A, Six Experiments m Which the Bleedings Were 
Performed at One Hour Intervals The total amount of blood removed 
m the different experiments ranged from 3 5 to 6 5 per cent of the body 
weight The average of the experiments was 5 1 per cent The average 
length of time that elapsed betw een the first bleeding and death was nine 
hours and forty-five minutes In most of the experiments the hemoglobin 
showed a decline of appi oximatel} 14 per cent of that of the control 
deteiminations 

The results of these expeiiments aie given m table 2 
B, Six Experiments in Which the Bleedings Were Perfoimed at Six 
Hour Intervals The total amount of blood removed m the different 
experiments ranged from 2 to 4 per cent of the body -weight The 
average loss was 2 92 per cent of the body weight The average length 
of time that elapsed between the first bleeding and death was thirty-one 
hours and thirty minutes The hemoglobin was usually decreased by 
about 9 per cent 

The results of these expeiiments are gnen in table 3 
Gi oup 2 Removal of Blood Plasma Amounting to 0 5 Pei cent of the 
Body Weight — A, Eight Experiments m Which the Bleedings W^’ere 
Performed at One Horn Inter\fals The total amount of fluid removed in 
percentages of body weight in the diffeient experiments varied from 
2 5 per cent plasma and 1 pei cent whole blood to 3 5 per cent plasma 
and 0 85 per cent whole blood The sum of these figures is 4 05 per cent, 
which was the average total loss of plasma and whole blood The figure 
for the whole blood is necessarily included because the animals died 
before the red blood cells from the last bleeding had been replaced The 
average length of time that elapsed between the first bleeding and death 
was six hours and thirty-four minutes The average increase in the 
hemoglobin was 34 per cent of the control figures 

The results of these experiments are gl^ en in table 4 
B Five Experiments in Which the Bleedings Were Performed at 
Six Hour Intervals The total amount of fluid removed in percentages 
of body w’-eight in the different experiments varied from 2 to 3 5 per cent 
plasma The average loss was 2 4 per cent plasma and 0 2 per cent 
whole blood The sum of these figures is 2 6 per cent, which Avas the 
average total loss of plasma and w hole blood The figure for the Avhole 
blood is included because tAvo animals died before the red blood cells 
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horn the last bleeding had been leplaced The aveiage length of time 
that elapsed between the fiist bleeding and death was twenty-eight houis 
and twenty-foui minutes The aveiage alteration m the hemoglobin 
was an inciease of 24 pei cent ovei the normal 

The lesults of these expeiiments aie given in table 5 
In two additional expeiiments Avhole blood amounting to 083 per 
cent of the body v eight was removed at six houi intervals, and aftei 
centrifugation the led cells weie leplaced m enough saline solution to 
equal the volume of the blood that had been removed The plasma was 
estimated as constituting 60 pei cent of the whole blood In one experi- 
ment the loss that pi oduced death was 3 5 per cent plasma and 0 83 
pel cent whole blood, and m the othei expeiiment 3 per cent plasma and 
0S3 pel cent whole blood The total loss that was toleiated was 
definitely gieatei than that m the expeiiments in which the plasma was 
not replaced by salt solution 

Gioup 3 Removal of Red Blood Cells Amounting to 0 5 Po Cent 
of the Body Weight — A, Six Expeiiments m Which the Bleedings 
Weie Perfoimed at One Horn Intel vals The total amount of fluid 
lemoved in the ditleient experiments in percentages of the body weight 
vaiied fi om 2 5 pei cent of led blood cells to 4 0 pei cent of red blood 
cells and 0 63 pei cent of -whole blood The average loss was 3 67 
per cent red blood cells and 0 52 pei cent whole blood The sum of 
these figuies is 4 19 pet cent, which was the aveiage total loss of red 
blood cells and whole blood The average length of time that elapsed 
between the fiist bleeding and death was seven hours and seventeen 
minutes The aveiage alteiation in the hemoglobin was a decline of 
49 per cent of that of the contiol deteiminations 

The lesults of these expeiiments are given in table 6 
B Foui Expeiiments in Which the Bleedings Weie Perfoimed at 
Six Horn Intel vals The loss of fluids in the diffeient experiments 
varied fiom 2 5 pei cent red blood cells to 2 5 per cent red blood cells 
and 1 23 per cent whole blood The aveiage loss in the different 
ments was 2 6 per cent led cells and 062 per cent whole blood le 
aveiage total loss of red cells and whole blood in percentages of bo } 
weight was 3 22 The aveiage length of time that elapsed between the 
first bleeding and death was thnty horns and fifty-three minutes ihere 
was an average deciease in hemoglobin of 30 pei cent of t e con 
detei minations 

The lesults of these expeiiments aie given in table 7 
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aieas had been detei mined The experiments in ^^hlch whole blood 
amounting to 0 5 per cent of the body weight was iemo\ed at one hour 
inteivals coriespond roughly to the ex'periments " m uhich one of the 
posterior ex'tremities was traumatized severely with a hammei In the 
eight experiments lepoited pieviously in which one of the posteiior 
extremities was traumatized seveiely, the average length of time that 
elapsed between the initiation of the trauma and the reduction of the 
blood pressure to an average mean of 58 mm of meremy was three 
hours and thii teen minutes The diffeieiice m weight of the two 
extremities equaled 5 3 pei cent of the body weight In the present 
experiments in which whole blood amounting to 0 5 per cent of the body 
weight nas lemoved at one hour intervals, the average length of time 
beUveen the fiist bleeding and death was nine hours and foit 3 '-fiie 
minutes The aveiage loss of uhole blood that produced death uas 
5 1 pel cent of the bod) weight In these expeiiments, theie ivas a 
slight decline m the percentage of hemoglobin, wdiile in the experiments 
on leg trauma theie w^as a slight use This difteience is probably due 
to the loss of a gi eater proportionate amount of plasma than of red blood 
cells in the experiments on leg tiauma, ivhile wdiole blood ivas lost m the 
present ones 

In twehe expeiiments on intestinal tiauma repoited previously* the 
average length of time between the initiation of the trauma and the 
1 eduction of the blood pressure to an avei age mean of 48 mm of mer- 
cury w'as five hours The calculated average loss of fluid from and into 
the traumatized area was 4 48 per cent of the body w^eight The fluid 
that escaped f i om the traumatized intestine w'as found by Beard and one 
of us (A B )- to have almost the same composition as the plasma of 
the blood In the present experiments in wdiich plasma of the blood 
amounting to 0 5 pei cent of the body weight w^as removed at one hour 
intervals, the aveiage length of time betw^een the first bleeding an 
death was six hours and thnty-four minutes The average loss of m 
that produced death, expressed m percentages of body weight, was 
per cent plasma and 0 85 pei cent whole blood or a total of 4 05 per cent 
The slightly larger loss of fluid that was tolerated after trauma o i 
intestines may be due to the fact that it was lost slowly and continuous y 
wdnle m the experiments employing bleeding, lathei laige amoun s w 
withdrawn at one houi intervals The aveiage increase in 
globm above the noimal m the experiments on intestinal traum< ^ 

38 per cent and in the experiments on removal of plasma i 
per cent 


3 Blalock (footnote I, first reference) 

4 Blalock (footnote 1, second reference) 
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111 ten expel iments lepoited pieviousl} in which one of the posteiior 
extiemities was only moderately tiaumatized, the average length of time 
that elapsed between the initiation of the trauma and the reduction of 
the blood pressure to an average mean ot 33 mm of mercui)’’ was 
thirty-two houis and sixteen minutes The average difteience m the 
weight of the two posteiior extremities amounted to 3 66 per cent of the 
body weight The fluid that accumulated m the traumatized area con- 
tained relatively few led blood cells, and its composition was found by 
Beard and one of us (A B )- to be approximately the same as that of 
the blood plasma In the present expei iments m which blood plasma 
amounting to 0 5 per cent of the bod)'- weight was removed at six hour 
intervals, the average length of time between the initial bleeding and 
death was twenty-eight hours and twenty-four minutes The aveiage 
loss of fluid that produced death, expiessed in percentages of body 
weight, was 2 4 per cent plasma and 0 2 per cent whole blood or a total 
of 2 6 pel cent The average increase m the hemoglobin above the 
normal in the foui experiments on leg trauma m which it was determined 
was 27 per cent In the expei iments m which plasma was removed at 
six hour intervals, the aveiage increase was 24 per cent 

In eighteen experiments reported previously in which pait of the 
body surface was burned, the aveiage length of time that elapsed 
between the injury and the reduction of the blood piessure to an average 
mean of 28 mm of mercury was fourteen hours and thirty-three 
minutes The average difference in the weights of the burned and non- 
burned halves of the body amounted to 3 34 per cent of the body weight 
This difference consisted largely of fluid that accumulated in the sub- 
cutaneous tissues at the site of the burns The composition of this fluid 
was found by Beard and one of us (A B )- to be approximately the 
same as that of the blood plasma There were few red blood cells in it 
The duration of the experiments on the effects of burns was intermediate 
between those m which plasma was removed at one hour and at six 
hour intervals As has been stated previously, the total loss of fluid in 
the experiments in which plasma Avas removed at one hour intervals vas 
4 05 per cent of the body weight, and when it was i emoved at six hour 
intervals the loss was 2 6 pei cent of the body weight The difference 
111 weight of the two sides of the body (3 34 per cent of the body) is 
approximately the mean of these two figures The hemoglobin shoired 
an average increase of 48 per cent above the normal in the nine experi- 
ments 111 which It was determined after bums 

It is interesting to note that the animals that had one extremity 
model atel) tiaumatized tolerated a slightly greater loss of fluid than the 
animals that vere burned The duration of the experiments A\as longer 
111 the instances of tiaunia of the leg It may be due to the fact that 
some led blood cells as well as plasma wcic lost as a result of traumatiz- 
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mg an extiemity, while burning the part apparently caused a loss of 
p asina alone The piesent experiments show that the loss of whole 
blood IS tolerated better than is the loss of plasma alone It may be 
that toxins weie paitially lesponsible for the reduction m the blood 
piessuie aftei the burns This does not seem likely m these experi- 
ments of shoit duiation in rvhich the tolerance to loss of plasma was 
piactically the same aftei the bums and aftei the removal of plasma 
fiom the femoial aiteiy 


It was found in these and m the pievious experiments that an occa- 
sional animal dies after only a veiy small amount of fluid has been lost 
It was probably due to the baibital, which is apparently toxic to a small 
peicentage of animals Foi example, one animal died after red blood 
cells amounting to only 1 5 pei cent of the body weight had been 
lemoved Two animals died in less than foity-eight horns without the 
lemoval of any fluid fioin the blood stieam However, in the gieat 
majoiity of animals, the blood piessure is not aftected markedly by the 
giving of barbital in the amounts used in these expeiiments In studying 
the eflects of seveie nijui}'-, deep narcosis is necessaiy, and barbital 
seems moie satisfactory than any othei anesthetic that has been tried 
As has been stated pi eviously, it was used in the present experiments in 
order that the results might be compaied with those in which trauma was 
instituted Othei w ise, it is believed that a lighter anesthesia would have 
been more satisfactory foi studying the comparative eftects of the loss 
of whole blood, of blood plasma and of led blood cells 

The lesults of these expeiiments show that under the existing ciicum- 
stances, animals withstand the loss of a gi eater amount of fluid when 
the removals aie at one hour intervals than at six horn intervals As has 
been stated previousl}^, the animals rveie anesthetized deeply and they 
weie deprived of food and watei Harris and one of us (A B )■' found 
that not a gieat deal of water passes from the body tissues into the 
blood stream aftei heinorihage oi tiauma under baibital anesthesia 
Probably the greater pait of this is lost in the expired air, urine an 


In the present experiments, dogs usually withstood the oss o a 
greater amount of whole blood than they did of blood plasma alone or o 
led blood cells alone The exception to this was in the experiments 
which the removals were pei foimed at six hour intervals rvhen t lere i 
a slightly greater toleiance to the loss of red blood cells ° I'pLpr 
blood The loss of red blood cells alone was tolerated slight y 
than was the loss of blood plasma alone It is believed t lat t le 
are comparable because in some experiments m which the ettec 

5 Hams, P N , and Blalock, A Unpublished Obsen^ations on the ater 
Content of the Tissues After Hemorrhage and After Trauma 
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loss of \\hole blood ^^ere determined, the blood nas defibrinated and 
centrifugated as in the experiments on the remo^al of plasma and red 
blood cells In several experiments sodium citrate was used as an anti- 
coagulant instead of defibnnatmg the blood and the results were 
approximately the same In order to remoie red blood cells or plasma 
amounting to 0 5 per cent of the bod\ eight, it n as necessaix to n ith- 
draw temporarily a larger amount of blood than in the experiments on 
the removal of whole blood This objection was partial!} overcome by 
performing the bleedings twice as often in some of the experiments and 
removing only one-half as much blood each time It seems i ery definite 
that the loss of red blood cells is tolerated better than the loss of plasma 
for it was necessar} to remove a larger amount of whole blood m order 
to be able to leaie out of the circulation a given amount of red blood 
cells than is the case in studying the effects of the remoial of plasma 
This IS true since the plasma constitutes about 60 per cent of the i olume 
of the blood 

SU 11 MARY 

The coinparatn e effects of the reinoi al of w hole blood of plasma and 
of red blood cells hai e been determined in thirty-fii e dogs anesthetized 
by barbital The results indicate that the loss of wdiole blood is usualh 
tolerated better than is the loss in equal amounts of either blood plasma 
01 red blood cells The animals withstand the remo\aI of a shghtlv 
larger volume of red blood cells than of blood plasma 

The results obtained in these experiments have been compared with 
those reported previousl} on the effects of se\ ere trauma to an extremit}* 
mild trauma to an extremit} , intestinal trauma and burns They indicate 
that the cause for the reduction m the blood pressure after the various 
types of injury was the loss of whole blood or of plasma from the blood 
stream at the site of the trauma It does not seem necessan to assume 
the action of a poison w Inch exerts a general bodily effect 
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In the noimal peison oi annual, following hemoiihage theie occius 
a passage ot some fluid fioni the tissue spaces into the blood stream, 
theieb} lesulting m a dilution of the blood Starling^ believed this to 
be due to such i eduction of the filtiation pressure in the capillaries that 
the osmotic piessuie of the plasma proteins is no longer counterbalanced 
Cannon stated that it is one of the unexplained featuies of shock not 
due to hemoiihage that with the low venous and aiteiial pressure this 
piocess does not occui Some information in this respect has been 
repoited m pievious papers of this senes The amount of whole blood 
or of plasma that uas lost fiom the blood stieam at the site of injury 
was deteimined aftei seveie tiauma to an extremity, “ aftei trauma to the 
intestines,'* aftei mild tiauma to an extieinity ® and aftei burns ® Com- 
paiison of the figuies obtained in these expeiiments with those found by 
Johnson and one of us (A B )' in determining the amount of loss of 
whole blood and of plasma that pioduces death in animals anesthetized 
by baibital indicates that the loss of fluid into the traumatized aiea was 
the chief, if not the sole, cause foi the decline in the blood pressure 
If it is tiue that the fluid that is lost from the blood stream at the site of 
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the injury is sufficient to account for the reduction in the blood pressure, 
theie IS probably no general increase in capillar}- permeability ^Ylth loss 
of fluid from all of the capillaries of the bod} On the contrary, it seems 
likely that the capillaries in uninjured parts would probably function as 
do those of the body after hemorrhage in allowing water to pass into 
them in an effort to increase the \olume of the blood The studies of 
Beard and one of us (A B shoiv that the fluid that escapes from the 
blood stream at the site of injury after mild trauma to an extremity, 
after trauma to the intestines and after burns has approximately the 
same composition as the plasma of the blood This observation is of 
particular importance as regards the content in proteins because tlie 
osmotic pressure exerted by the plasma pi oteins serves to counterbalance 
the filtration force due to the hydrostatic pressure in the capillaries It 
seems likely that the fluid once escaped could not be reabsorbed to an} 
maiked degree because the osmotic pressure in the injured tissue spaces 
IS practically equivalent to that of the blood How ever, it seems probable 
that the decrease in capillary piessure resulting from the loss of plasma 
at the site of the injury would cause some fluid to pass into the blood 
stream in the uninjured parts of the body If this results, the increase 
in capillary piessure that would be caused by the passage of water into 
the blood stream in uninjured areas wmuld probably cause the fuither 
loss of fluid through the injured capillaries 

The present experiments were undertaken in order to determine the 
water content of the tissues of injured and uninjured parts of the bod} 
after trauma to the intestines, trauma to an extremity and burns For 
pin poses of comparison, the watei content of the tissues after the 
removal of wdiole blood and of blood plasma from tlie femoral arten 
was also determined 

METHODS AND RESULTS 

All of the experiments were performed on dogs The total number of animals 
used was sixtj'-seven Thej were anesthetized b> sodium barbital, which was 
administered intrai enouslv (0 3 Gm per kilogram of bodj w eight) The same 
anesthetic in identical amounts had been emploied in the previous experiments 
on the effects of trauma and hemorrhage In fact, many of the determinations 
reported in this paper were performed on tissues obtained from the animals in 
which other studies on the effects of loss of fluid were being carried out The 
blood pressure was determined b> placing in the carotid arten a cannula which 
w as connected to a mercurj manometer A Sahli hemoglobmometer w as employ ed 
in determining the hemoglobin 

Tissues ^ar^lng in weight usualh from 1 to 2 Gm were placed in small 
beakers, the weight of which had been determined prcMouslj Bj the use of a 
small pair of sharp scissors, the tissues were cut into mane pieces This was 
done in order to facilitate the dreing The weight of the beaker plus the tissue 

S Beard, T W , and Blalock, A Experimental Shock VIII The Composi- 
tion of the riuid That Escapes from the Blood Stream After Mild Trauma to "’ll 
1 xtremite After Trauma to the Intestines and After Biini' Arch Stirg thi' 
i^sin. p 617 
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was determined They were then placed for approximately 48 hours in an oven 
the temperature of which was kept at as nearly lOS degrees centwrarip a, ui ’ 
At the end of this time, they were again wei/ed From e ^ 

of the tissues in water or in solids was determined 

Two difteient types of expeuments were peifoimcd 

Gi oiip 1 In the fiist group of experiments, the peicentage in solids 
of the vaiious tissues was deteunined in normal animals and in those in 
which a low blood pressure had been produced by mild trauma to an 
extremity, by ti auma to the intestines and by burning pai t of the body 
suiface Analyses were peifoimed on tissues from the liver, lung, kid- 
uey, intestine, heait muscle, biain, spleen and skeletal muscle In the 
experiments on trauma to an extremity, skeletal muscle w'as obtained 
from the tiaumatized as well as the nonti aumatized side In the experi- 
ments on bums, m addition to the other tissues, samples weie taken 
from the subcutaneous tissues of both the burned and nonbnined areas 
and fiom the skeletal muscle of both the injured and nomnjuied paits 
In all instances, the piece of skeletal muscle was leinoved fiom one of 
the flexoi muscles of the thigh and the heart muscle was obtained fiom 
the left ventiicle The subcutaneous tissues were leinoved from the 
inguinal region The specimens of biain tissue weie taken from the 
ceiebium They included both white and giay mattei, the water content 
of which is diflfeient, and the results iveie probably of little value 
Attempts weie made to obtain blocks of biam tissue of the same thick- 
ness 111 each expeiiment 

The results that vveie obtained in all of these expenments are given 
111 table 1 

It is to be seen that theie is a good deal of variation in the indiwdua! 
figures for the experiments of the contiol gioup as well as the others 
The most significant observation is that the average of the figures for 
the same organ is appi oxunatei) the same for the control expenments 
as for those in winch a low blood piessuie had been produced by injury 
Leaving out of consideration the deteiminations on the tissues that were 
tiaumatized, the greatest variation between the av'^eiages for the di erent 
tissues in the control gioup and those aftei the three varieties of injurj 
IS that the content m solids of the skeletal muscle was 2 3 per cent n^, icr 
aftei mild tiauma to an extremity than was the average figure or i 
control group In no other instance was the average difference as mu 
as 2 per cent In practically all instances, the average gure or so 
was slightly higher for the experiments m which the b oo pressiir 
low than in the control expenments tUp 

In the expenments on trauma to one extremity, t le mus 
injured side had a lower percentage of solids than 
opposite normal extiemity On the contrary, musc e of 

extremity the skm of which had been burned had a ug le P 
solids usually than muscle fiom the opposite extrem 
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cutaneous tissues of an area that had been burned had a content in water 
several times as gieat as that of subcutaneous tissue from other parts of 
the body The traumatized intestine had a slightly lover average per- 
centage of solids than was found for the intestines in the control 
experiments 

Obviously, compaiisons are not entiiely satisfactory in which the 
contiol deteiminations and the expeiiments proper aie performed on 

Table 1 — The Peiccntagc tii Solids of the Tissues Aftci the Vanous Pt ocediti es 
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78 


27 0 

23 4 

22 1 

24 4 

221 

23 4 


25 5 

29 8 

85 3 

30 0 

11 


2 

50 


2S 2 

23 1 

23 5 

23 9 

25 7 

251 

24 2 

30 5 

30 4 

718 

18 0 

11 


3 



2b 2 

213 

221 

23 4 

23 2 

20 6 

23 8 

25 0 

9.7 9. 

72 3 

101 

17 


4 



25 1 

21 7 

21 3 

23 5 


234 

23 8 

29 9 

29 9 

03 7 

13 7 

14 


5 


38 

26 5 

9.9. 7 

22 1 

217 

22 5 

217 

22 4 

24 3 

24 0 

40 0 

10 7 

10 


C 

75 

40 

25 9 

24 2 

221 

20 0 

23 0 

23 7 

21 3 

29 0 

29 4 

79 5 

21 7 

24 


7 










257 

20 3 

75 2 

22 3 

22 



‘Vverages 

26 5 

22 7 

22 2 

23 8 

233 

22 9 

231 

27 2 

282 

70 0 

18 9 



difteient animals If tissues are to be taken fioin parts of the body such 
as the heart and lungs it is necessar} that different animals be used 
Since the muscles and skin contain more than 50 per cent of the water 
of the bod^, experiments were perloimed in which samples of muscle 
skin and blood were obtained before and alter the Aarious procedures 
Gioup 2 — In the second group of experiments, the percentage in 
solids or in water of the blood skeletal muscle and skin was detennined 
before and after the \arious procedures Eight different t\pes of expen- 
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ments weie peifoimed The total numbe, of experiments was tbirh-six 
The samples of blood weie lemoved from the femora! veins Muscle 
and skill weie lemoved fiom symmetrical parts of the body at the 
beginning and end of the expeiiments In the greater number of experi- 
ments, the samples of muscle were fioni the two pectorals In some 
expeiiments, the specimens were lemoved from one of the flexoi 
muscles of the two forearms 

In the first five experiments, the animals were anesthetized by 
haibital, and specimens weie taken for analysis After periods of lime 
varying fiom twenty-six to forty-seven hours, the second samples weie 
lemoved No water oi food was given and these expeiiments weie used 
simply as controls for the other experiments in which procedures in 
addition to the giving of barbital were earned out The blood pressure 
remained the same oi fell slightly during the period of observation The 
aveiage increase in hemoglobin was 18 per cent of the control reading 
The average content in solids of the blood rose from 18 1 to 20 per cent, 
of the muscle from 23 6 to 25 6 per cent and of the skin from 37 1 to 
39 2 per cent 

In the next five expei inients, whole blood amounting to 0 5 per cent 
of the body weight was lemoved from the femoral arteries of dogs at 
one houi intervals until death lesulted Specimens of blood, muscle and 
skin weie obtained at the beginning of the experiments and after the 
blood pi essLire had fallen to a low level The mean blood pressure at the 
time the second series of samples weie obtained varied from 20 to 64 
mm of meicuiy The average decrease in the hemoglobin was 146 
per cent of the contiol figures The average content in solids of the 
blood declined from 19 5 to 18 4 pei cent The content in solids of the 
muscle inci eased fiom 24 7 to 25 2 per cent, and that of the skin from 
41 5 to 44 4 The increase in the percentage of solids of the muscle 
was less than that found in the control experiments However, the con 
tiol experiments weie of longer duiation 

In the next five expei iments, whole blood amounting to 0 5 pei cent 
of the body weight was lemoved fiom the fenioial arteries at six lOur 
intervals until the animals died The samples were obtained before t le 
first bleeding and aftei the blood pressure had been reduced to a o 
level The level of the mean blood pressure at the time that t le sec 
series of samples were obtained vaiied from 0 to 63 mm o 
The average decrease m hemoglobin was 8 per cent of that o t le c 
period The content m solids of the blood ivas change . 

19 5 pel cent, that of the muscle from 24 5 to 25 2 per cen an 
the skin from 45 8 to 49 5 per cent There was a ^ 

percentage of solids m the muscle in these , njirbifal 

control expeiiments in which simply the effects o pro » * (,sclc 

anesthesia were determined The alteiations m the skin and niuscl 
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weie approximately the same as m the experiments in i\hich the bleed- 
ings ^\ ere at one hour interA als 

In the succeeding four expei iments, blood plasma equal to 0 5 pei 
cent of the body iveight ^vas lemoved at one houi intervals until death 
lesulted Samples were obtained before the first removal of the plasma 
and shoitly before the termination of the experiments, at vhich time the 
mean blood pressure varied from 15 to 50 inm of mercury The average 
inciease in hemoglobin was 36 per cent of the figures for the control 
peiiods The content m solids of the blood was alteied from 19 1 to 
23 2 per cent, that of the muscle from 25 1 to 26 5 per cent, and that of 
the skin fiom 48 7 to 46 8 pei cent 

In the next four expei iments, blood plasma amounting to 0 5 per cent 
of the body v eight was remo\ed at six houi intervals until the animal 
died Samples were obtained at the beginning and shortly befoie the 
teimination of the expei iments, at which time the mean blood piessure 
vaiied from 0 to 57 mm of mercuiy The average peicentage m hemo- 
globin was 24 per cent higher at the termination of the experiments 
The aveiage content in solids of the blood was altered from 19 3 to 22 1 
pel cent, that of the muscle from 24 6 to 25 1 per cent and that of the 
skin uas piacticall}’- unchanged 

In the succeeding four experiments, the effects of mild tiauma to an 
extremity on the content in solids or in watei were determined The 
iiiteival of time that elapsed between the initiation of the tiauma and the 
1 eduction of the blood pressuie to the desned level varied from twent}- 
two to thirt 3 '-one hours Specimens of blood, muscle and skin uere 
obtained before the institution of the trauma and aftei the mean blood 
piessuie had been reduced to levels vailing from 42 to 90 mm of 
mercury The aveiage percentage in hemoglobin was 23 pei cent higher 
at the teimination of the experiments than at the beginning The 
aveiage content in solids of the blood was increased from 19 4 to 23 6 
pel cent, that of the muscle from 25 3 to 26 5 per cent, and that of the 
skin deci eased from 36 to 35 per cent The alteration in the content of 
solids of blood and muscle vas slightly greatei m these experments than 
m those m which blood plasma uas remo\ed at six hour intervals The 
duiation of the tuo types of experiments vas approximately the same 

In the next four experiments, the effects of trauma to the intestines 
were studied The time that elapsed between the beginning of the tiauma 
and the reduction of the pressure to the desired le^el ^arled from two 
houis and thirty minutes to seien hours Specimens of blood, muscle 
and skin were obtained before the initiation of the trauma and after 
tlie mean blood pressuie had been reduced to levels aar\ing from 32 to 
a? mm of mercur} The aacrage percentage m hemoglobin was 48 
per cent higher at the termination of the experiments than at the 
Iicginning The a\eiage content m solids of the blood was altered from 
20 1 to 22 8 per cent, that of the muscles from 24 3 to 25 5 per cent and 
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that of the skin from 404 to 40 7 pei cent The alteration i„ ihp 
content of solids of the muscle ivas approximately the same as in the 
- periments in which plasma was removed at one hour intervals The 
uration of the two types of experiments was approximately the same 
In the succeeding four expeiiments, the effects of burns were studied 
I he time that elapsed between the beginning and the end of the experi- 
ments varied from fourteen to twenty hours The mean blood pressure 
at the time the second series of samples were obtained varied fioin 0 to 
86 mm of mercury The average content m solids of the blood changed 
from 21 5 to 23 8 pei cent, that of the muscle from 26 8 to 28 3 pei cent, 
and that of the skin fiom 42 0 to 49 1 per cent The alteration in the 
peicentage of solids of the muscle was the same as that in the experi- 
ments in which plasma was lemoAed at one hour intervals and approxi- 
mately the same as that found in the expeiiments in which an extieinity 
or the intestines were injuied 

The lesults of all of these experiments aie given m table 2 
The percentage alteiations in the average amount of solids of the 
blood muscles and skm that neie produced by the various procedures 


ai e given in table 3 


Table 2 — The Poccntagc m Solids of Blood, Muscle and Skin Bcfoie 
and Affci the I'auous Piocedmcs 


Menn 
Blood 
Pre« Homo 

sure, globm Per Cent m Solids 
1 \peri Time Sample® 'Mm 

Procedure ment B ere Obtained Ilg 


per , * > 

Cent Blood Muscle SLin 


Oomment 


Controls 
effects of bar 
bital anes 
thesia and 
■water depn 
ration 


1 Control 
End of experiment 

2 Control 
End of e'^periment 

3 Control 
End of experiment 

4 Control 
End of experiment 

5 Control 
End of experiment 

A^ er Control 

ages End of experiment 


187 

9G 

160 

168 

145 

116 

14S 

148 

122 

J2 


Removal of 1 Control 136 

whole blood. End of experiment 20 

0 5i%>, every 2 Control 160 

hour End of experiment 64 

3 Control 122 

End of experiment 44 

4 Control 152 

End of experiment 64 

5 Control 115 

End of experiment 36 

er Control 
ages End of experiment 


Removal of 
■whole blood, 
0 3%, every 
SIX hours 


1 Control 140 

End of experiment Bead 

2 Control 156 

End of experiment 10 

3 Control 126 

End of experiment 30 

4 Control 124 

End of experiment 60 

5 Control 180 
End of experiment 03 

Aver Control 
ages End of experiment 


60 

73 
70 
S2 
66 
78 
66 
78 
66 

74 


75 

67 


87 

73 

78 

65 


S7 

87 


53 
48 
70 
65 

54 
77 


17 2 
19 4 

19 0 

20 0 

19 0 

20 6 

17 0 
20 8 

18 4 

19 3 
181 

20 0 

20 6 
20 5 

19 4 

17 0 

15 o 

20 0 
19 5 
ISl 

16 4 
19 5 

18 4 


215 


22 0 
24 5 
15 3 
15 0 
17 8 
17 5 

m 
21 1 
191 
19 5 


21 7 31 2 40 hours betflcen saaiple' 

22 8 34 0 

24 1 SS 9 47 hours between samples 

7" 44 T 

22 0 28 7 40 hours between samp c® 

22 4 SO 0 

25 2 34 3 40 hours between samples 

52 5 20 hours between samples 

27 0 4S 2 

23 0 oT 1 

23 0 39 2 

20 5 43 S 5% of bod} weight 

20 2 43 4 4 5% of body weight 

22 4 30 5 a% of body weight 

09 R 31 1 . . 

9 St 2 5% of body ^cig'bt 

111 52 8 S% of body weight 

25 5 50 1 

24 7 41 5 

23 2 44 4 

25 1 44 0 2 5% Of bodv weight 

fee 43 8 27o of body weight 
III 60 4 3% of bodi weight 
its is 3 5% Of body weight 
111 42 5 4% of bodv wcmiit 

25 2 47 0 

24 5 45 S 

23 2 49 5 . 



Table 2— The Percentage in Sohds of Blood, Muscle and Shn Bcfoie 
and Afict the Vanous Ptoccduics— Continued 


Mean 
Blood 
Prts Hemo 

sure, globm Per Cent in Solids 


1 \T><.ri 

'lime Samples 

Mm 

per 

Procedure 

ment 

Mere Obtained 

Hg 

Cent 

Removal of 

1 

Control 

143 

63 

plasma, 0 57c, 


End of experiment 

30 

63 

t\crj hour 

o 

Control 

1C4 

71 



End of experiment 

13 

118 


3 

Control 

1>S 

74 



End of experiment 

42 

105 


4 

Control 

145 

SO 



End of experiment 

50 

99 


Aver 

Control 




ages End of experiment 



Remor al of 

1 

Control 

121 

GS 

plasma, 0 j%. 


End of experiment 

45 

SO 

t\crj SIX 

0 

Control 

13S 

79 

hours 


End of experiment 




o 

Control 

14S 

SI 



End of experiment 

20 

IOC 


4 

Control 

140 

81 



End of experiment 


93 


o 

Control 

145 

CG 



End of experiment 

57 

81 


Alcr 

Control 




ages 

r nd of experiment 



I eg tr linn i 

1 

t ontrol 

140 

103 



1 nd of experiment 

42 

113 


2 

Control 

143 

08 



1 nd of experiment 

00 

89 


3 

Control 

ICO 

ss 



End of experiment 

4S 

112 


4 

Control 

ISO 

33 



End of experiment 

01 

OS 


Aier 

Control 




ages I ml of CNpenmcnt 



Intestinal 

1 

Control 

103 

7C 

trail nrn 


Enel of experiment 

49 

123 


2 

Control 

IGO 

n 



I nd of experiment 

37 

IOC 



Control 

lie 

02 



End of experiment 

40 

70 


4 

Control 

140 

87 



End of experiment 

,2 

1„3 


Vier 

Control 




igcs I'nU of experiment 



Burns 

1 

Control 

105 

78 



End of experiment 




1 

Control 

120 

57 



End of experiment 




o 

Control 

15S 




1 nd of experiment 

SO 



4 

C ontrol 

IGO 




End of experiment 

CO 



\\CI 

Control 




apc« Fiul of e\iicriiiiint 


iuood 

Muscle Skin 

Comment 

17 2 

23 8 

4G 4 

2 5% plus 1% whole blood 

18 7 

24 4 

45 G 

2 5% plus 1% whole blood 

20 0 

24 4 

45 4 

24 3 

25 3 

42 7 

3 5% plus 1% whole blood 

19 8 

23 0 

73 9 

24 7 

25 0 

53 8 


19 4 

27 3 

49 2 

3 7% of body xveight 

27 2 

30 3 

43 4 


191 

25 1 

48 7 


23 2 

2C3 

4G8 


1C 9 

24 0 

55 1 

2% of bode weight 

20 2 

24 5 

78 3 



22 9 

55 9 

Z7a of bode e\ eight 

21 1 

23 0 

59 1 
-0 0 

2% plus 0 who'e blood 

24 9 
20 8 

27 7 

34 9 
510 

3 5% of body weight 

22 4 

28 0 

417 


18 2 

23 C 

50 7 

2 5% of bod> weight 

20 8 

24 2 

48 3 


19 3 

24 G 

G5 7 


22 1 

251 

G5 G 


22 3 

284 

40 3 

25 hours beteecen trauma 

23 2 

27 3 

28 4 

and termination 

19 2 

238 

313 

31 hours between trauma 

23 4 

283 

37 3 

and termination 

213 

20 0 

4C2 

22 hours between traum i 

2C2 

2S0 

42 4 

and termination 

14 7 

22 S 

20 2 

22 hours between trauma 

ISO 

22 3 

31 7 

and termination 

19 4 

27 3 

SCO 


23 C 

2C 3 

33 0 


201 

23 C 

47 0 

Trauma of 7 hours’ dura 

24 2 

27 7 

521 

tion 

f9 1 

201 

40 1 

'Iraunia of 5 hours ,iur i 

22 8 

27 2 

37 2 

tion 

19 7 

21 1 

29 2 

Trauma of 2^ hours 

17 G 

21 8 

27 3 

duration 

21 . 

24 5 

39 3 

Trauma of 3H. hours 

20 G 

27 4 

43 8 

duration 

201 

24 3 

40 4 


22 b 

25 5 

49 7 


21 2 

2C7 

42 3 

14 hours beteecen burn 

22 3 

2« 9 

53 8 

and death 

ISS 

20 0 

49 7 

1C hours between burn 

IS 3 

27 1 

52 5 

and death 

22 0 

20 0 

1,4 1 

20 hours between burn 

27 9 

285 

40 0 

and termination 

2 4 

28 0 

41 7 

17 hours heteveen burn 

2C1 

23 0 

481 

and termination 

21 3 

2o S 

42 0 


238 

283 

49 1 



T VBLE 3 — The Pciccntagc Altciafwus in the Avoage Pci Cent in Solids oj 
Blood Musilc and Skin That JVeic Piodiccd by the Boitous Pioccduics 


Proi (liiire 

V. omrol(\ixniiiim= on Inrlntii! 

Rdiionlof vholi Mood 0 '7- eiirv liour 
K* iuo\ d of whole Mood 0 Me G hours 

Ki I’ov il of pi 0 I'ts CM lioiir 

l!on)o\ 1 of p! \"-im 0 ei nerve hi ur^ 

^Illd le^ tr uiine 
Inti 't n 1 tr i > n 
Lunn 


Pcrctntaf-e Alterations 


Blood 

Mu'Cie 

Ckin 

—10 5 

V *) 

— *> 7 

— 3 0 

—2 0 

-7 0 

~ 21 

-.2 

-e-S 1 

-21 5 

-3 r, 

—3 9 

-14 7 

-2 0 


-21 C 

— ^ 7 

— 2S 

-13 4 

^4 0 

-e-0 7 

-107 

— D C 

-1C 9 
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COMMENT 


The analyses of pai ticulai interest in these experiments are those on 
the skeletal muscle Volkmann*' stated that 508 per cent of the total 
watei of the body tissues is m muscle Durig^o found in annuals 
deprived ^of water that all of the organs do not lose weight to the same 
extent The brain loses the least weight, next comes the kidney, with 
the heart, liver and muscle increasing in order Engels studied the 
eftects of the administration of sodium chloride on the water content of 
the vaiious tissues of the body He used as his controls dogs that had 
leceived neither food nor water for four days After administration of 
fluids, the muscles increased in weight moie than any other tissues 
except the kidneys The blood showed the least increase Of the total 
amount of watei taken up by the tissues of the body, 68 per cent was 
absorbed by the muscle Bidder and Schmidt,"- Bischoff,"- Volkinann 
and A^'^oit showed that the skin and muscles not only contain the highest 
peicentage of water, but that they are also the greatest reservoiis foi 
water m the bod)’' In experimental diarrhea produced by magnesium 
sulphate or senna, Tobler"^ found that from 25 to 30 per cent of the 
body weight was lost in a few days, and that skin and muscle suffered 
65 pel cent of the loss In his review on anhydremia, Marriott stated 
“The body possesses an available store of water which exists for the 
gieatei part m the muscles and in the skin, and which can be drawn upon 
to some extent befoie any considerable degiee of desiccation of other 
parts of the body occurs ” The determinations on the skin in the present 
experiments are piobably almost valueless, because it was impossible to 
be suie in all instances that all of the fat had been removed from its 
under surface Fatty tissues contain very little water, and hence am 
alterations in the amount of fat that was left attached to the skin would 
change the percentage m w’ater of the sample 

The various procedures produced surprisingly small alterations in the 
content in solids of skeletal muscle and hkewuse of all other tissues that 
were anal}' zed The change in the percentage of solids of the skeleta 
muscle was greater in the experiments in which the animals were 
anesthetized by barbital and deprived of food and w'ater for ^ 
varying fiom tw’enty-six to forty-seven hours than in the experimen 

9 Volkmann, A W, quoted by Engels (footnote 11) 

10 Dung, A Wassergehalt und Organfunction, Arch f d ges i > 

85 401 , 1901 , , ♦ Ar.1i f exner 

11 Engels, W Die Bedeutung der Gewebe als ^Vasse^depots, 

Path u Pharmakol 51 346, 1904 

12 Quoted by Tobler (footnote 13) , , r , ..lit<;<;tiierce Arch 

13 Tobler, L Zur Kenntnis des Chemismus akuter e\ 

f exper Path u Pharmakol 51 o46, 1904 

14 Marriott, W kfcKim Anh}dremia, Phvsiol Per - - - 
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111 which injui}' was instituted oi in those in which wdiole blood oi plasma 
was lemoved It has been show'ii by Beaid and one of us (A B )® that 
the fluid that is lost Horn the blood stieam at the site of iiijtiiy aftei 
mild tiauma to an extiemity, after trauma to the intestines and aftei 
burns has appioximately the same composition as the plasma of the 
blood There was a loss of plasma in the experiments m which whole 
blood w^as removed from the femoral arteiy It is mainly the pioteins 
ot the blood plasma which maintain the osmotic pressure in the capillaiies 
and seive to counterbalance the filtiation force due to the hydiostatic 
pressuie When plasma is lost fiom the blood stream as a lesult eithei 
of tiauma oi of hemorihage, theie is a deciease in the colloids of the 
ciiculatmg blood and hence a loweiing of the total osmotic pressure In 
Mew^ of this, It IS not suipiising that theie is apparently such a small 
amount of w^ater that passes into the blood stieam The results of these 
expel iments indicate that the same mechanisms operate after hemoirhage 
and after trauma They aie piobably difteient in degree in that the 
osmotic pressure in the capillaiies is lowered more by the loss of plasma 
than by the lemoval of the same amount of wdiole blood Associated 
with trauma is injury to the capillaiies, wdiich allows not only w^atei but 
colloids to pass through their wfalls The loss of laige amounts of 
plasma causes a diminution m the capillaiy piessuie and this piobably 
tends to allow fluid to pass into the blood stream in noninjured paits of 
the body just as in hemoiihage If this takes place, the inciease in 
pressure in the capillaiies probably causes furthei loss of fluid into the 
injuied area It is probably for this reason that shock due to tiauma is 
usually more difficult to tieat than that due to uncomplicated hemoiihage 
After hemoirhage, it is usually simply a matter of restoring the blood 
volume after the bleeding vessels have been ligated After trauma, any 
procedure that increases the hydrostatic pressure in the vessels tends to 
cause the further loss of fluids through the mjuied capillaries 

As has been stated previously, the amount of water that left the 
tissues for the blood stream in these experiments w^as not gieat If it is 
assumed for the moment that the amount of w^ater that passed fiom all 
tissues of the body into the blood stream equalled 2 per cent of the body 
weight, and this figuie does not seem low m view of the present obser- 
vations, this would represent 200 cc m a dog weighing 10 Kg In 
experiments of the duiation of the aveiage expeiiment repoited heie, 
the gieatei part of the water would be lost in the expired air and a 
smaller pioportion m the urine and feces 

It is of interest that wheieas there was usually a slight diminution in 
the amount of watei in the uninjured tissues of the body, thei e w^as an 
inciease in the content in water of the damaged tissues It is believed 
that this IS strong evidence against the possible action of toxic products 
wdiich pioduce a general increase in capillaiy permeability It is also of 
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interest that wheieas the subcutaneous tissues of a burned area had a 
gieat inciease in then content in water, the muscle beneath the injuied 
aiea had a slightly lowei content in water than muscle from the opposite 
nonbuined side 

It IS believed that these experiments emphasize the impoitance of the 
plasma proteins in maintaining a noimal blood volume They indicate 
that only a small amount of watei leaves the tissues for the blood stream 
when theie has been a consideiable reduction of the blood plasma 


SUMMARY 

The content m watei and solids of various tissues of the body has 
been detei mined in control experiments and in those in which a Ion 
blood piessure had been produced by trauma and burns The animals 
nere all anesthetized b}^ baibital and were not given water or food dur- 
ing the expel iments Theie was little difterence in the content in water 
01 solids of the tissues m the control experiments and in those in which 
injui} had been inflicted 

In additional exiieiiments, the content in watei and solids of blood, 
muscle and skm was determined befoie and after a low blood pressuie 
had been pioduced by the lemoval of whole blood, by the removal of 
blood plasma, by mild tiauma to an extremity, by trauma to the intestines 
and by bums The lesults were compared with those obtained in experi- 
ments m which the animals were simply given barbital and left on the 
table foi periods of time A^arying from twenty-six to forty-seven hours 
The anal3'’ses of paiticular importance were those on the muscles, because 
they contain the greatei part of the watei in the bod)^ There ivas a 
laigei loss of ivatei by the muscles in the control experiments than in 
those in which hemonhage or injury was studied 

Reasons aie given foi the belief that hemoirhage and trauma are 
similai in that in each theie is a loss of plasma proteins with a diminution 
m the total osmotic pressure After trauma, there is a largei proper 
tional loss of blood plasma and hence a relatively greater diminution in 
the osmotic pressui e The decrease in the colloids explains 
of the blood stream to attract moie winter from the tissues 
factoi wdiich IS most likely responsible for the continued Ion blood 
piessuie aftei injuries is not a general increase m capil ari , 

wuth loss of fluid all ovei the bod> but a loss of blood plasma 
the w^alls of the damaged capillaiies 



THE ABSORPTION OP DEXTROSE FROM THE 

COLON 


II A STUDY OF THE EFFECTS OF CHEMICAL EXCITANTS 
AND OF STIMULANTS ON DEXTROSE ENEMA. 

R W McNEALY, MD 

CHICAGO 

AND 

J DANIEL WILLEMS, MD 
se^vttle 

Results obtained by us ^ previously in experiments cai ried out on 
dogs indicate that a 5 per cent aqueous solution of dextrose is not 
absoibed from the colon to aii}'’ appreciable extent Tap watei and 
physiologic solution of sodium chloiide aie lapidly and efficiently 
absoibed As a contiol in those expeiiments we exposed the ileum 
simultaneously to the same solutions in the same dog by using the same 
technic, and variable but consideiable absoiption was obseived 

This study was continued in ordei to observe the fate of dextrose 
in enemas made up of equal paits of 5 per cent solution of dextrose 
and solutions of various chemicals that might possibly act as excitants 
01 stimulants to absorption The fact that a 0 9 per cent solution of 
sodium chloride was readily absoibed by the large bowel suggested that 
salt might favoi the absorption of dextrose when the two substances 
are mixed in pioper proportions 

Goldschmidt “ and Fantus ® informed us that the piesence of sodium 
chloride m the intestine increases the absorption of other substances 
Sodium bicarbonate is anothei chemical commonly used by surgeons in 
postopeiative enemas Clendennmg* stated that sodium bicaibonate 
and brandy aie both beneficial adjuncts to rectal administration Bab- 

Submitted for publication, June 5, 1930 

These experiments were carried out in the Physiological Laboratory of 
Northwestern University Medical School, under Dr A C Ivy, head of the 
Department of Physiology 

1 McNealy, R W , and Willems, J D The Absorption of Glucose from 
the Colon A Preliminary Study of the Glucose Enema, Surg Gynec Obst 
49 794, 1929 

2 Goldschmidt, S On the Mechanism of Absorption from the Intestine, 
Physiol Rev 1 421, 1921 

3 Fantus, Bernard The Technic of Medication, Chicago, American Medical 
Association, 1926 

4 Clendenning, Logan Modem Methods of Treatment, St Louis, C V 
Mosby Company, 1928 
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km lepoited that the activity of the gastio-mtestinal tiact is markedly 
inci eased and may e^en be doubled b^ the presence of alcohol 

Oin experiments m this study weie made m order to determine yhat 
effect, if any, sodium chloride, sodium bicarbonate and ethyl alcohol 
might exeit on the absorption of a dextrose solution from the colon of 
the dog Attention was focused mainly on the nutrient value of the 
sugai enema and less on the mechanism of absorption Incidentally, 
howe\ei, it vas impossible to disregard entirely some interesting effects 
that these substances seem to exeit on the intestinal mucosa and on the 
Iivei These incidental effects will be considered only briefly in this 
papei, since we regard that part of the pioblem as open for further 
investigation 


METHODS AND TECHNIC 

Dogs uere used in these experiments as in our previous work They were 
prepared and the experiments were carried out exactly as before^ with two minor 
alterations m the details 

In the first place the solution to be absorbed was allowed to remain in the 
ileum and colon for one hour instead of one and one-half hours This was done 
because we haie found that the maximum rates of absorption in the dog’s intes- 
tines, large and small, are reached usually in about from twenty to thirty minutes 
after the solutions are introduced, and that m about one hour the rate of absorp- 
tion IS usually diminishing Our curves for blood sugar demonstrate this fact 
It IS interesting to note also that in several instances more than 70 cc of fluid 
u ere taken up in one hour by a loop of ileum approximately 18 inches (45 72 cm ) 
in length Professor Verzar® finds that about 16 cc of water per minute are 
taken up by the human intestine, or, roughly speaking, about 0 5 cc per foot 
(3048 cm ) per minute In many of our experiments this rate of absorption was 
greatly exceeded bj' the ileum 

Secondly, another control check was run on the blood sugar by taking in all 
instances samples of blood from the femoral vein for determinations of sugar in 
addition to samples from the mesenteric ^elns of the colon and the ileum This 
sample of blood from the femoral vein is representatn e of the blood sugar content 
of the general sjstemic circulation, and is of considerable interest and importance 
in our interpretations 

Three groups of experiments were performed In the first group six dogs 
were used We mixed equal quantities of solutions of S per cent dextrose an 
0 9 per cent sodium chloride We Jiave shown • in an earlier ^ 

optimum concentration of a dextrose solution, or any other solution t a^ is m 
duced into the body, is that concentration wnth the same osmotic tension as < 


5 Babkin, B P Die aeussere Sekretion der Verdauungsdiiiesen, c 
Berlin, Julius Springer, 1928 

6 Verzar, Professor of Physiologj', Unnersity of Bu apes, “ 
lecture on absorption from the intestine gnen at Northwestern niv 


School, Oct 8 , 1929 

7 Willems, J D, and McNealj, R W 
Concentration for Therapeutic Administration 


Glucose Solution Its Optimum 
Northwest Sled 28 329, 1929 
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phjsiologic solution oi sodium chloride A 45 or 5 per cent dextrose solution 
IS iso-osmotic with a 09 per cent salt solution By beginning ^\lth two isotonic 
solutions, all mixtures of the two in any proportions whatever will still remain 
at the same osmotic level and be isotonic with the blood and the tissue fluids 
The mixture that we used in this group contained 2 5 per cent dextrose and 
0 45 per cent sodium chloride Such a mixture is physiologically normal, and is 
most likely to be absorbed if absorption of these substances in the colon does 
take place Our endeavor was to establish the most favorable circumstances for 
absorption 

After proper preparation of the narcotized animal, blood samples were with- 
drawn from three points the femoral \ein, the mesenteric vein of the colon and 
the mesenteric vein of the lower end of the ileum Accuratel}' measured quan- 
tities of the dextrose-salt mixture, usually 75 cc were then placed into each of the 
isolated bowel loops by the methods that we i have described in our preliminary 
report Twenty minutes later and forty minutes later, samples of blood W'ere 
again withdrawn from the same places previously mentioned One hour after the 
introduction of the solutions their residues were removed, accurately measured 
and titrated by Benedict’s quantitative method for dextrose Sugar determina- 
tions rvere made on the samples of blood by the Fohn and Wu colorimetric 
method In both of these procedures it was important that one develop a certain 
facility and accuracy of technic before the determinations could be called com- 
.pletely reliable, and the marginal error was reduced to a definite constant 
minimum 

From the figures obtained for the mixed solutions in the intestinal loops, 
graphs were plotted (of which charts 1, 3 and 5 are typical examples) showing in 
terms of cubic centimeters the amounts of solution introduced and removed after 
one hour’s exposure to the absorptive possibilities of the bow'els, and showing 
also the amounts of dissolved dextrose introduced and removed in terms of 
grams From the figures representing the blood sugar Aalues in the nine samples of 
blood, graphs were made showing the levels of the blood sugar in the femoral vein 
and m the mesenteric veins of the ileum and of the colon Charts 2, 4 and 6 are 
representaUve of these graphs All the charts here reproduced are paired, each 
pair being made from the same animal in the course of one experiment There- 
fore they show conclusively what happened, so far as the sugar is concerned, 
within the lumen of the bowels and in the blood 

The second group of experiments covers three dogs and differs from the first 
only in that the substances used were equal quantities of 5 per cent solution of 
dextrose and 1 5 per cent solution of sodium bicarbonate From the standpoint of 
the molecular weight and the freezing point depression of sodium bicarbonate, 
such a concentration is practically physiologically normal Charts 3 and 4 are 
from a typical experiment of this tvpe 

The third group involves four dogs A mixture of 5 per cent dextrose and 
6 per cent ethyl alcohol W'as used The experiments w'ere carried out as before 
No unified idea exists among authors as to the strength of alcohol that will give 
optimal results physiologically From 1 to 12 per cent has been used A con- 
centration of about 0 75 per cent in the blood stream is required before serious 
damage results to the blood With such vague information for a starting point, 
we decided on a 3 per cent strength of alcohol for this particular type of experi- 
ment The results were quite definite, as wull be shown later 

Mention should be made here that we have made no effort to determine the 
fate of the exciting substances other than the dextrose in the intestines Nor do 
w'e know' the amounts of sodium chloride, of sodium bicarbonate or of alcohol 
that were present in the residual solutions 
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EXPERIMENTAL RESULTS 

Examination of the charts, which aie fiom typical experiments of 
each group, will give the cleaiest idea of the results Charts 1 and 2 
represent dog T, a male, weighing 43 pounds (19 5 Kg ) Seventv-five 



Chart 1 — Absorption of a dextrose-saline enema from the colon, C, and the 
ileum, I The solid lines represent the solution, the broken lines, dextrose 
The left hand column shows the amount of solution m cubic centimeters, the 
next column, the amount of dextrose in grams 
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Chart 2— Blood sugar levels, before and after the f 

dextrose-sahne enema, in the colic vein, C, deal ^eln, ' ^ 

The column of figures is the scale on which the blood suga 

cubic centimetei s of the dextrose-salt mixture, contaimiito ^ ^ 
dextrose, was intioduced quantitatu ely into each ^ of 

the ileum we lemoved 4 cc of residual solution con pj-om 

dextiose, from the colon, 62 cc containing 1 o/ ni o 
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the ileum, 71 cc of solution, and 1 65 Gm of dextiose were absorbed, 
from the colon, 13 cc and 042 Gm A glance at the giaphs Mill aid 
consideiably in visualizing these figures 

Chart 2 shows the obsenations on the blood sugai m the same 
experiment At the beginning of the experiment, the blood sugar a alues 



Chart 3 — Absorption of a dextrose-sodium bicarbonate enema trom the colon, 
C, and the ileum, I The solid lines represent solution , the broken lines, dextrose 


Milligrams of 
Blood Sugar 

Time in Minutes 

20 4 

0 

180 

170 

160 

150 

140 

130 

120 

110 

100 

■ 

■ 


■ 

n 

■ 

a 

a 

a 

a 

a 

a 

a 



I 

c 

F 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 


■ 

■ 

a 



a 

a 

■ 

■ 

■ 





L. 


■ 

■ 

a 


a 

a 

a 







■ 

a 

a 

■ 

a 

a 


a 

a 

a 


■ 

■ 



■ 

■ 

a 

a 

s 

a 

a 


a 

a 

a 


■ 

■ 

■ 


B 

a 

a 




a 


a 

a 

a 




m 


■ 

m 

a 










■ 

5 

e 


--r 

M 

a 


a 

a 

i 


i 

i 

a 

5 


m 

■ 


■ 

a 

a 


a 

a 

a 


a 

a 

a 

■ 

■ 

■ 

■ 


■ 

a 

a 


a 

a 

a 


a 

a 

a 


Chart 4 — Blood sugar le\els, before and after the administration ot dextrose- 
sodium bicarbonate enema, in the colic \em, C m the ileal lein, / and in the 
femoral \ein, F 

aie seen to be as follmvs C, 119 mg , /, 115 mg , F, 120 mg In 
twent)^ minutes these values are, respective!}, 129, 166 and 126 mg 
At forty minutes, they are 135 145 and 127 mg Again a glance at the 
chart will make clear the meaning of these figures It shov s that there 
IS an obrious reciprocal relation to the obsertations recorded m chart 1 
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Charts 3 and 4 are those for dog Y, a female, weighing 36 pounds 
(16 3 Kg ) In this case 75 cc of dextrose-sodium bicaibonate mixture 
Mas mtioduced, m uliich there was contained 168 Gin of dextrose 
One hour latei ive lemoved from the ileum 9 cc of solution together 
ivith 0 22 Gm of dextrose , from the colon 65 cc and 1 58 Gm of 



Chart 5 —Absorption of a dextrose-alcohol enema from the colon, C, and from 
the ileum, 7 The solid lines represent the solution, the broken lines, dextrose 



Chart 6 -Blood sugar levels, before and ^ her the / 

alcohol enema, in the colic vein, C , m the ileal vein, I, 

dextrose The blood sugai values at the re'spcc^- 

102 mg , F, 102 mg At the tuenty minute 

tnel 3 , 121, 143 and 115 mg , at the foitv mmute penod, 1-a 

119 mg 
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Chaits 5 and 6 show giaphically what occurred in dog W, a male 
weighing 40 pounds (18 1 Kg ) In this expeument 75 cc of dextiose- 
alcohol mixture was used, containing 186 Gm of dextrose There 
leniained in the ileum at the end of the experiment 32 cc of the solution, 
containing 0 79 Gm of dextrose, in the colon, 71 cc containing 1 78 
Gm The blood sugar values m this experiment were as follows First 
samples, C, 96 mg , /, 100 mg , F, 97 mg , twenty minute samples, C, 
112 mg , I, 141 mg , F, 113 mg , foity minute samples, C, 130 mg 
/, 152 mg , and F, 130 mg 

COMMENT 

When we woiked out oui eariiei results^ with an aqueous solution 
of dextrose, we were suipiised to note that the colon absorbed practically 
no sugar We had expected at least a slight absorption The redoubling 
of our effoits at accuracy and the elimination of marginal errors only 
duplicated oui observations When we used tap water oi physiologic 
solution of sodium chloride, it was found that the colon absorbed these 
substances rapidly In fact, the colon absorbed salt solution more 
efficiently than water and did it better than, or as well as. the ileura 
Therefore, it appealed interesting to know how the colon would handle 
a mixture of such an excitant as sodium chloride and such a deterrent 
as dextrose Obviously, if conditions within the colon could be kept 
physiologically as nearly noimal as possible and the solutions isotonic 
one of the three substances, namely, water, dextrose or excitant, or an}' 
two of them, or even all three of them, might possibly be absorbed 
But — the words of that peer among modern physiologists, Claude 
Beinaid — wh}'- think and wonder when one can experiment and know^ 

When 75 cc of any solution is intioduced into the colon and removed 
without any absorption taking place, about 95 per cent of the solution 
can be recovered About 5 per cent is unavoidably lost m the process 
of transfer It is probably safe to state that a loss of more than 5 per 
cent means absorption Approximately the same figures hold for the 
dextrose In chart 1, it is shown that 17 5 per cent of the fluid and 22 
pel cent of the dextrose were lost from the colon This loss was 
undoubtedly due to absorption Although the actual amount absorbed 
was small, it was, nevertheless, too great to be regaided as experimental 
error 

Dextiose, rvhen absorbed from the colon, can be satisfactorily dem- 
onstrated m the portal blood of the vein draining the colon Once this 
blood traverses the liver, considerable change may take place One of 
the mam functions of the liver is the regulation of the blood sugar 
level m the general systemic circulation In the process of ingestion of 
dextrose b} the bowel the blood sugar level in the portal blood rises 
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iig lei than in the s} steinic blood , at no time in a physiologically normal 
procedme can the reverse condition occur A rise in the blood sugai 
of the portal blood may be the secondary result of a rise in the gene^ral 
systemic blood sugar, oi it may be due to absorption of sugar fiom the 
intestine Indeed, the blood sugar can rise m the colic vein foi at least 
three reasons absorption of dextrose from the colon absorption fiom 
the ileum which raises the general blood sugar, or because of some 
change oi changes in the liver which releases stored glycogen into the 
general cii dilation as dextrose From any rise in blood sugar in the 
colic vein must be subti acted the value of the blood sugar in the femoral 
vein taken at the same moment The remainder lepiesents the true use 
in the colic \em due to absorption of dextrose from within the colon 
It was this line of reasoning that showed us the necessit)'' of establishing 
the geneial level for systemic blood sugar m the femoial vein each time 
that any other blood sugar value was taken 

With these points in mind, an examination of chart 2 is exceedingly 
inteiesting At the beginning all three graphs aie at appioximately the 
same level, the slight difteiences being due to unavoidable experimental 
eriors Then there is a maiked rise in the broken line 1, followed by a 
less marked decline after absorption in the ileum has reached its peak 
The sugai absorbed by the ileum has, to some extent, raised the general 
level of the blood sugar, because there is a rise m the dotted line F as 
well The use m F is reflected in the solid line C, which has also risen 
But the rise in the graph C is greater than that in F, and that difterence 
can be accounted for only by an actual rise m the blood sugar of the 
colic vein due to the absorption of dextrose from the colon The quan- 
tity of dextrose absorbed is small, but we have found it repeatedly pres- 
ent in the dextiose-salt experiments Thus this rise in the blood sugar 
in this experiment accounts for the loss of dextrose shown in chart 1 
It seems plain, then, that the presence of the sodium chloride in this 
mixture caused the colon to absorb small but definite quantities o 
dextrose 

In the expel iments with dextrose-sodium bicarbonate a slight loss of 
water is seen in chart 3, but practically no loss of dextrose from tie 
colon This observation is borne out by the blood sugar cunes in ciar 
4, which show a marked rise in the ileal I'-ein and a parallel rise m t le 
colic and femoral veins, which is simply a rise in the general circu a loi 
There is here no progressive dn ergence of the graphs an as i 
chart 2 They remain practicall) parallel It is eiident that le ri 
C IS meieh a reflection of the rise in F, and that both are 
to the rise in I Thus it can be said that there is practica } n 
tion of dextrose from this mixture m the colon 
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In the dextrose-alcohol experiments, as seen in chart 5, there is again 
no appreciable loss of dextrose from the colon But the blood sugar 
le^els (see chart 6) rise rapidl} in all three curAes 

Apphing our preMous method of reasoning to these obsen^ations, 
we came to the conclusion that the alcohol, reaching the liver probabty 
b} A\ay of the ileum, caused some change or changes in that organ which 
resulted in a marked general Inperglycemia The nature of this change 
IS not entirely clear It ma} be a breaking down of the barrier of the 
li\ er to the increase of sugar in the portal blood , or more likely a 
liberation ot dextrose from the stored gh cogen m the Iner, since the 
increase of the dextrose in the blood is probabl> greater than can be 
accounted for by the absorption of the 1 07 Gm lost from the ileum 
The conclusion seems entirely warranted that alcohol has no demon- 
strable eftect on the absorption of dextrose from the colon But A\hen 
the alcohol reaches the liver by vay of the ileum, it produces there some 
change or changes, resulting in a rather sudden marked hyperglycemia 

It is self-evident that experiments of this nature cannot be carried 
out on human patients We expect to continue with this work on dogs, 
and ultimately to adapt the problem m a modified form to the human 
colon 

SUMMARY AND CONCLUSIONS 

1 A 5 per cent solution of dextrose is not absorbed from the colon 
to any'^ appreciable extent 

2 Tap water and physiologic solution of sodium cliloride are rapidly 
and efficiently absorbed by the colon 

3 A small amount of dextrose can be absorbed from the colon from 
a dextrose-sahne mixture The sodium chloride influences the absorp- 
tion of the dextrose 

4 Dextrose is not appieciably absorbed from the colon from a dex- 
trose-sodium bicarbonate mixture 

5 Practically no dextrose is absorbed from the colon when a dex- 
trose-alcohol mixture has been injected The absorption of the alcohol 
causes a hy'perglycemia in a short time 

6 There is no evidence to show that the dextrose enema is of any 
practical nutritional value 
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Following' complete obstiuctions of the uppei part of the intestine 
in the dog, life ma}'' be prolonged foi three or four weeks in a large 
luiinbei of such animals when saline is administered subcutaneously 
If the administiation of saline is interiupted aftei five or six days, the 
animals will often live as long as when saline is administered daily until 
the death of the animal ^ When saline is not administered, death usually 
occurs within thiee or four days, and an elevation of the blood urea, 
deciease of the plasma chlorides and an increase in the combining power 
of the blood for caibon dioxide occui The administration of saline 
piecludes the development of these chemical changes in the blood The 
saline serves as an effectual antidote, not for a toxin absorbed, but for 
the essential fluids lost by vomiting 

When obstruction is established in the descending colon of a dog, 
the animal usually survives for a considerable period and, apparently, 
dies of starvation Occasionally, death occurs in the first week follow- 
ing such experimental obstruction, we have had two animals that died 
on the forty-second and fiftieth days postoperatively, following the 
establishment of obstructions by severing tire lower part of the colon 
When obstruction is established in the lower part of the ileum, dogs 
suivive for a longer peiiod (usually from five to seven days) than do 
animals with similar obstructions in the duodenum However, saline 
does not afford them the protection exhibited by animals with duodenal 
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obstruction The length of life of animals with complete ileal obstruc- 
tions IS little greater after the subcutaneous administration of saline 
than when this is omitted There is at present no satisfactory explana- 
tion for the cause of death in simple obstruction of the ileum 


Table 1 — Anastomosis of Colon to Stomach 
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Table 2 

— Anastomosn of the Ileum to the Stomach 
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Theie exists a high degree of correlation between embryology, blood 
supply and function in the intestine The stomach, duodenum (as far 
as the papilla of Yater) and the pancreas develop from the foregut 
Liberal amounts of digestive secretions are furnished by these organs 
Then source of blood supply is the celiac axis The remainder of the 




^ High intestinal obstructmn 1 1 j i 

blood urea, low plasma chlnnH^e ii ^ chemistry is as follows high 



Fig 2 — Low ileal obstruction There is no alteration in the blood chemistn , 
the cause of death is uncertain Saline is not specific 
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small intestine to the midportion of the transverse colon develops from 
the midgut, receives its blood supply from the superior mesenteric 
arteiy, and has to do with absorption The lemainder of the colon 
develops from the hindgut, leceives its blood supply from the infeiior 
mesenteric artery, and has excretion as its function In a dog with 
obstruction low in the colon, the acute obstruction features are fre- 
quently absent because the obstruction is beyond the absorptive area 



Fig 3 —Obstruction in the lower portion of the colon There is no alteration 
in the blood chemistr\ The animal dies of starvation or of acute obstruction 


and the accumulation within the bow^el is not as great as when the 
absorptive area is blocked out Post mortem, such dogs exhibit con- 
siderable emaciation Fecal masses are solidly impacted above the 
inverted end of the bowel In those dogs that survive obstruction of 
the colon for onl} a short period interference with absorption due to 
edema and other changes in the proximal wall of the bowel piobably 
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occurs, permitting distention and acute obstructive 

do^nate the p.ctute When the obsttuCon .s estabhshed mZ 

of tn 1 f ”” ’"teshne, the picture 

of acute obstiuction and distention predominates 



Fig 4 — Intestinal tract conceived of as a long straight tube in which the ar 
lines represent obstructions at the levels already described in the three preiious 
figures The important factors are (1) loss of essential fluids by lomiting, (-) 
absorption , (3) distention, especial^ as related to the blood supply 

In explaining the death of an animal with this type of obstruction, 
the intestine may be conceived of as a long tube with obstruction ni 
the midabsorptive area Only the fluid at the upper end can be vomite , 
the lover portion being moie or less continuously full and disten 



Fig 5 — Schematic drawing to illustrate the relation of function in the intes- 
tinal tract to the t>pes of obstruction already described 



Fig 6 — \nastoniosis of the terminal ileum to the stomach in which the distal 
end of the ilcuni is m\ertcd This is also an obstruction with onh the oral end 
open but with the distal ileum opening into the stomach, trom which point its 
content can easih be eiacuated b\ aomitmg 
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With the me: easing accumulation of gas and fluid in such a long tube 
the lower leaches of the occluded segment piobably partake ot the 
c laracten sties of stiangulation obstiuction m which deprivation of the 
blood supply and necrosis of the wall of the bowel obtain The ileum 
also has not as iich a blood suppl> as have moie proximal segments 
of the small intestine ^ 

On the premise that the absorptive area is partial^ blocked out in 
ileal obstructions, permitting of greater damage to the wall of the bowel, 
we have anastomosed the terminal end of the ileum to the side of the 
stomach, permitting the return of the accumulated fluid in the lower 
reaches of the obstructed segment to the stomach, from which point 
it is moie easil}'' vomited Such an obstruction was established in eleven 
dogs (A few other animals m which this same procedure was per- 
formed weie excluded from consideration because of the occurrence of 
peiitomtis ) One animal suivived the procedure fifty-six days and nas 
m fairly good health, though vomiting daily until the fifth postoperative 
week, from which time a stead}^ decline occui red The average period 
of survival was 19 9 days Studies of the blood chemistiy were made 
on the animals m this group , with the exception of the blood of dogs 
1 and 4, in which there was a terminal rise of blood uiea and decrease 
of blood chloiides, the blood was noimal 

111 nine other dogs the terminal portion of the descending colon was 
severed, the distal end being inveited and the pioximal end anastomosed 
to the stomach The longest period of survival among this gioup was 
thirty-thiee days, with an aveiage of twenty^-one and three-tenths days 
No change was obseived m the blood chemistry values 

In another gioup of expeiiments an attempt was made to determine 
whether a prehminaiy enterostomy would not prolong the survival 
period after the establishment of simple obstruction low m the ileum, 
it being assumed that the ileum would accommodate itself to the absorp- 
tion of water following exclusion of the colon, which apparently occurs 
in human beings Unfortunately, however, dogs stand ileostomy poorly 
and are poorer risks for experiments on intestinal obstruction than are 
other normal animals 

The inci eased suivival period (ninteen and mne-tenths dais) in the 
gioup of dogs m which the end of the ileum nas anastomose to 
stomach over that observed (from fiie to seven days) m fOt,s m 
simple obstruction in the lower part of the ileum senes to ei p < 

3 MortOT, J J The Difference Betiieen High and Low Intestinal Obstruc 
non in the Dog, Arch Surg 18 1119 (A.pnl) 1929 
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the significance of the mechanical factors (length of tube and blocked 
absorption) in the cause of death m low ileal obstructions Roent- 
genograms of the abdomen of dogs with several ileal obstructions did 
not uniformly demonstrate the accumulation of large amounts of gas 
and fluid m the proximal loops, but greater opportunity for injury of 
the mucosa would appear to obtain m low ileal obstructions than is 
observed m duodenal obstructions because of the greater length of the 
peristaltic rushes 
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URETER 

Caiciiii— Cathcart" lepoited a case ot meteial stone o£ untisual 
size and wetglit A man, aged 48, had had appendectomy for 
<n the right side of the abdomen During convalescence the samy P 
pant continued as before opeiation Two yeais late, a Gagnes o 
ught uieteial stone was made, and after two attempts ™ 

successfully removed Five years later the abdominal pain again appeared 
r„Te i,glis,de Foi ---nths the patient had had ^ 
heavy feeling ni the light lowei poition of extend- 

genogram of the kidney and ^ vertebra to the wall 

ing from the tiansverse process of the third lu 

of the bladdei At opeiation the kidney was rp, a right 

the pedicle was ligated and left loose in of the 

lower abdominal incision the uretei was c ,pj pj^^gy was 

bladdei, and the kidney and meter secondarilj 

piactically desticyed, tt was Myneplnotic and into 
There was maiked dilatation and infectio 
tamed the stone The entire specimen of lodnej, 

weighed 290 Gm ,,jses of uiiusuallj 

In the hteiatme there weie only fou P 7 5 to 19 cm 

large ureteral stone The stone vaiied in length 

-ITESIart, Edward Ureteral Stone of Unnsna. Sue, Eroc S.a» 

Mayo Clin 5 117 (April 30) 1930 
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and in ^\ eight Horn 44 to 54 Gm Ihc laigcst stone measured 19 cm 
in length and weighed 52 Gm ihc stone in the case ic ported liy Catheait 
ineasuied 19 cm m length and weighed 90 Gm 

Deaeei and Buiclen-^' leMcwed 113 cases ot the stone m the metei 
In 66 instances opeiation was peitoimed, and m 47 tieatment was 
cained out b} c\stoscopic methods In 98 of the cases tlic stone was in 
the lowei pait ot the uietei a position fa\orablc foi cNstoscopie 
manipulation unless ccitain eontiaindieations aie piesent 

A stone that has icmaincd loi a considerable time m the upper part 
ot the uretei, usual!} at the uretciopchic juiietuie is firmh fi\ed 
obstiucts the passage ot a catheter, causes lapid and piogiessne impair 
ment of renal function and is not amenable to c\stoscopic manipulation 
Remo\al of the ubstruetion should be b\ uieteiolithotom} or b} pchio- 
lithotoim A stone seldom lodges in the middle third of the urctei 
It it is in this positiOii the piocedure foi its icmo\al depends on the 
acuteness of the sMuptoms and the condition ol the kidnc\ abo\e it 
Surgical icmoeal of a stone in this position, although a little moie 
difficult to perfoini, is piefcrablc to crstoscopic maiiipul.ition 

Before remoMiig a uieteial stone suigiealK, it is essential to know 
(1) that an accurate diagnosis has been made, (2) the urologic status 
ot the opposite kidney, (3) that coeMstent c\tia-uiiiiarv disease has 
been eliminated oi taken into considciation, .ind (4) that sufficient 
pieoperatnc piepaiation has been carried out In the c\cnt of certain 
complications in the remo^al of a stone fiom the urctei, paiticulail} 
postoperatn el} general suigical tiainmg is ot decided aehantage m 
lestoring the patient to health Urctei obthotomy thiough an e\tia- 
peritoneal appioach is the operation of choice foi stone in the ureter 
To appioach the upper thud of the uietei the incision is made in 
the loin, as foi nephrectom} This incision peimits possible manipula- 
tion of the stone back into the pchis of the uretei fiom which its 
leinoval may be accomplished with less tiaiima than fiom the ureter 
proper, and lenders the kidne} available for inspection The incision 
may be extended to care foi a stone in the middle third of the ureter 
The latter may be approached through an incision to the lateral side 
of the rectus muscle wdien it is necessaiy to be more caieful in w^orkmg 
down tow^ard the ureter by displacing the peritoneum tow'ard the median 
line It should be remembered that the meter is often closely adherent 
to the peritoneum and, in the dissection, is cained forw^ard wuth it 
Access to the lower part of the meter may be obtained through an 
incision to the lateral side of the lectus muscle oi by an incision just 

28 Deaver, J B , and Burden, V G The Surgical klanagement of Stone in 
the Ureter, ^nn Surg 91 85 (Jan ) 1930 
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above Poupaits ligament In this position the peritoneum is easily 
1 effected and the base of the bladdei is exposed Manipulation may 
be difficult because of the depth of the wound The ureter should be iden- 
tified and traced down to its junctuie with the bladder When the stone 
has been located, it is prefeiable to w^ork it into anothei position in 
the ureter, so that the longitudinal incision for its removal will not be 
placed in the inflamed tissues of the uretei suiiounding a lodged 
stone Disposition of the uieteral incision is optional It may be lett 
open 01 it may be closed by seveial interiupted sutures, the results 
being equal}} satisfactor}^ A drain must be placed down to it because 
theie is usually some leakage of tiime for several days When there 
IS much infection above the stone it is better not to suture the uretei al 
incision because of the benefit denied from free unnar}'^ diainage 
Functional Distni bailee — Tiattnei consideied the behavioi of the 

uietei and piesented an easily applied method for the recognition of 
functional ureteral disturbances The methods of studjung ureteral 
activity may be classified as direct and indirect ocular observation, 
electrographic and giaphic Studies have also been conducted with the 
fluoroscope either during oi aftei the injection of opaque solutions, 
a method ivhich has been subject to criticism 

Tiattner’s graphic method peimits the recording of uieteral activity 
piactically without obstructing urinary escape The method is adaptable 
to the intact unexposed uretei of man, as well as to the exposed or 
excised uietei of an animal and is of minimal inconvenience to both 
patient and operator Uretei al contractions which pass the entire length 
of the uretei may be classified as complete, those wdiich arise in the 
renal pelvis but disappear before reaching the bladder, as incomplete, 
and those wdiich aie confined to a small segment of the ureter, as 
local The manometer records the complete, as well as many of the 
incomplete, contractions, and when the latter immediateh follow the 
foimer the chaiacter of the waves is frequently bigeminal oi trigemma 
Manometne tracings have been taken in the following conditions 
normal ureter , hydro-ui eter and hydronephrosis , hthiasis , after uretero 
lithotomy or the spontaneous passage of ureteral stones , cord bla er , 
bilateral complete duplication of ureters ivith simultaneous recor s o 
all meters, and uieteritis of vaiious degrees, tuberculous and non- 

tuberculous , , . 

Manometne tracings are of clinical value in detecting ear y an c 
disturbances of ureteral function, m diagnosing dilated ureter 

29 Trattner, H R Ureteral Actnity in Some Pathologic Conditions, 

Sure 17 968 (Dec) 1928 
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pehis without opaque studies, lu dccidiug into \\hieh uictci to inject 
an opaque solution when ^anous olhei evannnations disclose no diftei- 
ence betw-een the two sides, and in know-ing whclhci the uictci is 
imolved in tubeiculosis, caleulous dise.ise oi luinoi 'J hese studies 
also peiinit the classification of uictci itis into thiee gioups .iccoidmg 
to the dcgiec of uietcial activiU Relief of sMiiiiloms in patients 
wdio have uieteiitis oi uictci op\chtis appeals to oeeui sunultaneousU 
w'lth the lecovery of uictci al activity Xggiavation of the disease seems 
to be concomitant cithci with Inpciactuitc oi with the loss of peiistaltic 
contractile ability liattnei stated that the method is not eompleteh 
efficient in diagnosis, hut that it is an addilion.il diagnostic <nd 

Elonqatwn — X'ermooten,"'* in earning out expcnmental woik on 
uieteial stiictuie obsened that paiti.il obstiuction of the uictci caused 
Its elongation He attempted to con elate this fact with uictcial kinks 
and tortuosities as well as with the elongation of the uictci which ma} 
be picsent in ptosed kidnejs In dogs the toituosih of the ineteis 
was one of the cailicst changes noted aftei the pioduction of a low 
uieteial stiieturc Ihis was associated with so mild a degicc of uietcial 
dilatation that it could be o\ci looked if it wcie not compaied with the 
oiiginal uictci ogiams In mcw of the huge \.viiation in the noimal 
diametei of the uietcial lumen it is suggested that an indication of 
elongation of the urctci should mean untcial obstiuction of some kind 
with slight uieteial dilatation, which is difficult to distinguish tiom 
w'hat mav be considcied the noimal limits of the organ 

Ectopia — Saigent"^ icviewcd 186 icpoited c.ises of uictci.al ectopia 
123 of the patients w^eic females and 63 m.alcs 'V total of 103 opeiations 
w'as pel formed on 86 females and 5 males Neplncctoim was pei- 
foimed in 22 cases, in 11 of these the entiic kidnev was piacticalK 
functionless In 10 cases the kidnc} had a double pelvis, the low'ci 
half diaining normally into the bladdci and being appaicntly noimal 
In the 16 cases in wdiich hcminephrectom} wms peifoimed the pait of 
the kidncA not removed w'as noted as sufficiently noimal to wan ant 
saving The clinical pictuie piesented by the 5 men tieated suigically 
W'as that of disease of the uppei uiinaiy tiact Either nephiectoim 
or heminephiectomv was perfoimcd, and all the patients w'eie icpoited 
cuied Of the 33 females completing the gioup in wdnch nephiectomy 
or heminephrectomy was peifoimed, cuie of iirinaiy incontinence w'as 
consistently reported Foitj-nine opeiations of a conseivative type w'eie 

30 Vermooten, Vincent The Elongation of the Urclei, J Urol 23 427 
(April) 1930 

31 Sargent, J C Ureteral Ectopia, J Urol 23 357 (March) 1930 
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peiioimed Vaginal implantation of the dissected lowei end ot the 
metei into the hooi of the bladder was done m 26 cases Judging 
the lesult by the cuie of incontinence, 14 operations weie lepoited 
as successful, and 8 as failuies, the result ot 4 operations uas not 
noted Supiapubic implantation of the ureter was perfoinied in 8 
cases, in 7 it was successful and m the remaining case the lesuIt was 
not lecoided Two of the suprapubic implantations weie done tians- 
peritoneally, and 4 exti apentoneally , the method of 2 of the opeiations 
uas not mentioned In 12 cases vaiious attempts ueie made to effect 


an opening between the meter and bladder in situ 

Nephrectomy, except for its surgical moitality, pi onuses absolute 
cuie m ureteral ectopia and is indicated when the entiie kidney is 
ludimentaiy or functionless fiom disease Foi male patients especially, 
the additional lemoval of the entiie ureter, when enormously dilated 
and toituous, is advisable Hemmephrectomy is cuiative, compara- 
tively safe and the pioceduie of choice when the portion of a double 
kidney drained by the ectopic ureter is ludimentaiy or functionless 
fi om disease and the i emannng part is normal and functionally valuable 
Dilatation oi infection of the ectopic uietei especially recommends 
this ladical piocedure The value of vaginal implantation of the 
ectopic uietei into the bladdei, although usually curing incontinence, 
has not been proved so fai as the conservation of renal function is 
concerned It should be limited to cases m which there is neither 
dilatation noi infection of the ectopic uietei Results of vaginal liga- 
tion of the meteral end have not been satisfactory 

[Ed Note — The association of ectopic meter with disease of the 
uppei uimaiy tract makes the condition especially amenable to tieat- 
ment by nephi ectom)'^ oi heminephi ectomy, if the case is suitable In 
dealing with the usual infection of the upper urinary tract, ureterectomy 
IS seldom iiecessaiy As was pointed out by Latchem, m exceptional 
cases a low metei al obstruction (from calculus or otbenvise) uith 
dilatation and suppuration above may cieate conditions which ca 
for excision of the meter Sargent showed that an ectopic iiretei is 

one that frequently needs resection 

Low metei al ligation, sometimes employed with impunity v iqi 
tumors of the bladdei around the ureteial orifice are resecte eanno 
often be used m cases of ectopic ureter, because the uretenti 
renal infection above would result in p 3 mureter and p}onep 
Foi the same reason, reimplantation operations, which a too r q , 
fail under any conditions however ideal, are particu ar ^ 
disastious lesults if carried out with an ectopic ureter 
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Sargents icview brings out wcl! tlic fact that neplnectom\ and 
heminephi cctoni) \\ith excision of the inetci aie the pioceduies of 
choice 111 dealing with uieteial ectopia ] 

Davis stated that ectopic iiietei i\ilh uiethial implantation and 
without incontinence is laic in the female and presents a difficult 
diagnostic pioblem If the loidcd in me is puiulent but cleat mine 
IS obtained fiom both uietcis and tlicic is no infraiesical obstruction 
or lesion of the bladder to explain the piiiria, ectopic uretei with 
uretliral implantation should alwais be suspected Ihc propet ticat- 
nient is iieplii ectonie in the case of a single kidne\ and heminephi ectoim 
in the case of a double kidnei, w'lth meterectoni) if the meter fails 
to dram well 

Hcnioi iJiagc — Y}nalek=" stated that seveie hcmoirhage following 
uieteial meatotoni} is rare, but that tioublesome bleeding occurs more 
often than is generall} reported He cited a case in which seiere 
hemorrhage followed the passage of a urcteial calculus with an apparent 
increase of the shaip splitting of meteral nieatotonii, necessitating 
suprapubic c}stotoniy to control lieinonhage Had it been possible to 
visualize the point, the bleeding in this case could probabh ha\e been 
controlled through cystoscopic procedures 

Experimental work on dogs showed that scicrc hemorrhage can 
occur follow'ing ureteral meatotoni} Seiere bleeding following 
meatotomy wntli scissors should be controlled imniediatcl} b} high 
frequenc} electrodes Persistent hematuria, even though not marked 
following any intravesical cistoscopic procedure should, unless con- 
traindicated be treated by frequent la^agc to pieient clotting 

BLADDER 

Ruptme — De Tarnowsky^*^ review^ed and anal} zed all cases of 
ruptured bladder in Cook Count} Hospital, Chicago, during the }eais 
from 1926 to 1929 To those were added private cases and cases 
from the Ravenswmod Hospital, about fifty in all 

Less than 5 per cent of ruptures of the bladder weie caused by 
or accompanied by fiacture of the pelvis C}stoscopic examination 
gave negative results if in extraperitoneal rupture the tension of the 

32 Davis, D M Urethral Ectopic Ureter in the Female Without Incon- 
tinence, J Urol 23 463 (April) 1930 

33 Vynalek, W J Severe Hemorrhage Following Ureteral lMeatotom\ J 
Urol 24 111 (July) 1930 

34 de Tamowskv, George Rupture of the Bladder, J A H A 95 476 
(Aug 16) 1930 
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extiavesical fluid equaled that within the bladdei, or if the rent in the 
seiosa and niusculaus was overlapped by a fold of mucosa 

De Taniowsky concluded that a large percentage of the accidents 
lepoited occurred in cases of overdistended bladders, lying against the 
anteiioi abdominal wall, this viscus will burst without any trauma 
to the bony pelvis Pam in the lower portion of the abdomen, vesical 
tenesmus, blood-stained mine or inability to mmate should be sufficient 
to indicate immediately to the surgeon a probable lesion of the bladder 
The aveiage mortality fiom such lesions, although unquestionably 
inci eased by coincident injuiies to other organs or tissues, is still too 
high because pnmai\ diagnoses are not being made frequently enough 
Rupture of the bladder is as much a surgical emergency as an acute 
condition in the abdomen, and delay m operating is equally dangerous 
Closuie of the tear by suture, prer'esical or culdesac drainage and 
catheter a demeure aie the three essential opeiative steps In individual 
cases the smgeon may have to modify this technic 

Dive) hculum — Schacht and Crenshaw stated that diverticula are 


not often found m the bladder of female patients, the latio of female 
to male patients is appi oximately 3 97 In the gioup of eighteen women 
with diveiticula, thirteen were found to have true diverticula, and five 
false divei tictila Three patients had urethral caruncle, and one patient 
a cyst, 1 2 cm m diametei , at the neck of the bladder Of the false 
dueiticula, one was the lesult of mjuiy at childbirth and the other 
four were the results of opeiative procedures m the pelvis and abdomen 
Symptoms are usually in proportion to the associated infection of the 
bladder and complications such as vesical calculus or neoplasms of the 
bladder Approximatel> 70 per cent of the women with this condition 
are between the ages of 35 and 65 


Tnmoi —Hamer and Mertz stated that angioma of the bladder is 
rare It is probabty often a slowly growing, congenital tumor The 
patients usually are children and young adults, almost half of the 
leported cases occmnng during the first and second decades of h e 
Frequently the tumor has a rough suiface with bluish-black or vioet 
areas as viewed through the cystoscope, indicating its vascular structure 
Fiilguration is applicable only to the smaller tumors, surgical remora 
IS possible before the surrounding structures are invaded If remora 
IS accomplished, cure can be expected 


35 Schacht, F W, and Crensharv, 
Female, J Urol 24 393 (Oct ) 1930 

36 Hamer, H G and Mertz H O 


j L Vesica! Duerticulum m die 
Angioma of the Bladder, Siirg G^nec 


Obst 51 541 (Oct) 1930 
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Hvpcitiopliy — Cabot ' stated that the most significant conditions 
leading to death follo\\ing pi ostatectoni} aie lenal insiifikiency, bleed- 
ing, eithei piiinaiy oi secondaiy, and infection Satisfactory pie- 
opeiative diainage is the best means of avoiding lenal insiifficienc) The 
contiol of piimaiy hemoirhagc oi bleeding is satisfactoiy b} cither 
cathetei ization oi supiapubic diainagc In primal y piostateetoinj the 
contiol ma} be earned out directly undei sight, the bleeding points 
being seemed b} ligatuies oi sutuies This is a desiiable proccdiiie 
except that it ma) lequiie consideiable time and the piolongation of 
such operations ma} be inadvisable if the patients .ire elderh In two- 
stage pi ostatectoni} the contiol of bleeding, ])icfei.ibly b\ the use ot 
a bag, but also bi packing, has become cntiiely satisf.ieton and is 
piobabi} as complete as that obtained by Msual contiol Neither method 
appeals to ha\e any advantage m secondai} bleeding 'J his torm of 
bleeding occasionally occuis aftei anv method of prostatectoni} , and 
does not appeal to depend on the method emplo}ed Following 
prostatectomy, infection may involve eithci the w'ound oi the prc^ esical 
space or may occui in the legion fiom which the prostate gland has 
been removed In legaid to infection of the wound and the pievesical 
space, the two-stage prostatectomy is a distinct advantage o\ei the one- 
stage If primary prostatectomy is carried out thiough an extensive 
incision allowing the opeiation to be done under direct vision theie is 
more loom for infection, more tissues aie exposed and, since the opeia- 
tion necessaril} is longer, theie is greater strain on the lesouices of the 
patient and gieatei opportunity for infection On the grounds of 
satisfactoiy diainage and liability to infection, the two-stage oper.ation 
is better than the one-stage 

It has been wudel} believed that functional results following a 
one-stage pi ostatectomy carried out under dnect vision w'cie likely to be 
bettei than those following enucleation Cabot obseived moie unsatis- 
factoiy results after the one-stage than aftei the two-stage operation, 
owing to contraction about the neck of the bladdei , resulting in varying 
grades of stenosis, he expressed the belief that the former method has 
failed to show better results than the two-stage procedure 

The mortality of prostatectomy is relatively high and can be kept 
at its low’^est level, from 2 5 to 5 per cent, only by taking every pre- 
caution In the long run, the mortality of a properly carried out twm- 
stage pi ostatectomy is apparently bound to be less than that followine 

o 

37 Cabot, Hugh The Place of Two-Stage Prostatectomy in Surgery of the 
Prostate Gland, Proc Staff Meet, Mayo Clin 5 247 (Sept 3) 1930 
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the one-stage operahon The one-stage ope.at.on .s mme ti.ne-co.,- 
summg and reqmies gieate. technical facility, more perfect surccal 
oiganization and superior judgment m the selection of cases To secure 
the best results, it should be pei formed chiefly by the surgeons in 
whose hands peiineal pi ostatectomy is now satisfactory, namely, the 
experts with laige expeiience 

The lequiiements for a satisfactorj'^ two-stage operation are as 
follows The first stage should be carried out m such a way as to 
avoid opening the pievesical space The bladder should be opened and 
explored, the size of the prostate gland and the development of the 
vaiious lobes should be noted, and the evidence of absence of calculi 
01 diverticula should be confirmed The drainage tube should be care- 
fully placed in the bladder m such a way as to avoid contact with an 
enlarged median lobe The wall of the bladdei should be closed tightly 
about the tube to pi event leakage The remainder of the wound should 
be carefully sutured and primaiy union should be obtained If the 
opeiation is satisfactory, the patient is dry at all tunes, leakage around 
the drainage tube points to unsatisfactory technic If it is possible to 
cany out the second stage within from seven to ten days, it should 
be possible to lesuture the wound, although somewhat loosely, in such 
a waj' that rapid healing takes place, convalescence fiom the second 
stage of the operation should not be much longer than that following 
primary prostatectomy Cabot concluded that two-stage pi ostatectomy 
IS in general a safei pioceduie, that it will not prolong convalescence 
more than a week oi ten days and that this time is well spent nr obtaining 


a lower mortality 

Thomson- W alker stated that the term '‘fibrous prostate' has crept 

into suigical nomenclature without careful definition of the type of 
its pathologic changes From a series of 185 prostate glands in which 
full histologic details were obtained, he selected those weighing 20 
Gm or less as representative of glands of this type After remoral, 
a prostate gland of 18 or 20 Gm does not appear larger than one ^ 
would judge the normal gland to be The author divided clinical ortns 
of malignant growth of the prostate gland into two kinds pnmary 
and secondary In the primary malignant foim, the change is, c mica j 
at least, cancerous from the outset, m the secondary malignant 
the gland has at first the chaiactei of the ordinary enlarge 
gland and the malignant changes are engrafted on this > 

tion of primary to secondary malignant lesions of the pros a e „ 

38 Th^son-Walker, John Enlarged Prostate 7) 

Selection of Cases of Enlarged Prostate for Operation, Lancet 1- 


1930 
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IS about 1 6 Of 2,496 cases of cnlaigccl pioslatc gland obscived 
by Thomson-Walkei in piivate piaclice, the giowth was malignant m 
247 and a simple enlargement in 2,149 Thus the percentage of 
malignant growth was 13 5, and that of simple enlargement 86 5 The 
secondary malignant giowth of the piostatc gland is cngiafted on 
simple enlaigement of the gland Ihc malignant giowth may derelop 
m 1 of 3 situations, it may infiltiate the base of the piostate gland 
adjacent to the inleinal meatus and may not be discoveied until 
opeiation is undertaken, the peiipheiy of the enlaiged gland maj, be 
aftected* In these cases the examining fmgei lecogmrcs an enlaiged 
gland* of elastic consistence The thud area to be affected is wheic 
the malignant change has developed in the substance of the enlaiged 
prostate gland The clinical fcatines aie those of simple enkugement 
of the gland, and at opeiation the enucleation proceeds smoothly Atten- 
tion was hist diawn to this type of ease by Alban an and Halle, r\ho 
examined 100 specimens icmoved as simple enlaigement of the piostate 
gland and found evidence of caicmoma in 14 In 521 cases in Thomson- 
Walker’s private practice, a repoit obtained on the specimen lemoved 
by suprapubic prostatectomy lercaled that thcic weie 96 cases (18 
pel cent) in which aieas of carcinoma weie discovered In these cases 
there was no suspicion of malignancy before opeiation, and the operation 
was performed by enucleation undei the belief that the prostate gland 
was the seat of simple enlargement It was stated that with inci easing 
obstruction of an enlarged prostate gland and accumulation of residual 
urine, renal function is impaired, the renal insufficiency that lesults 
from urinary obstiuction is that m which nitrogenous products are 
excreted in diminished quantity m the urine and accumulate in the 
blood 

Thomson- Walker concluded from the study of 274 cases that there 
IS no risk of uremia following prostatectomy if the concentration of 
urea is 2 per cent or more, but that there is a slight risk when the 
reading is from 1 8 to 2 per cent, and that a single leading of 1 9 per 
cent IS not sufficient to establish the case in this safe zone There is 
serious risk when the figui e is below 1 8 per cent, and more so when 
It IS below 1 5 per cent Furthermore, with extieme care it may be 
possible to operate successfully even when the concentration of urea is 
below 1 5 per cent Estimation of the urea content of the blood gives 
additional information about the functional activity of the kidneys in the 
excretion of nitrogenous bodies The normal urea content of the blood 
IS from 20 to 40 mg per hundred cubic centimeteis MacLean pointed 
out that these figures are too low m dealing with older men, and that 
blood urea of fiom 40 to 50 mg per hundred cubic centimeteis may be 
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present without indicating seiious impanment of renal function Accord- 
ing to Thomson- Walker, sepsis m i elation to the enlarged prostate 
gland and prostatectomy indicates failure of surgical methods The 
infection may occur before the operation, it may be introduced at the 
time of opeiation or it may occur subsequent to the operation when the 
cystotomy wound is still open If the infection is recent and moderate, 
and there is no evidence of renal involvement, a few weeks’ preparation 
byf thorough washing of the bladder and removal of the residual urine, 
either by intermittent catheterization or by use of the resident catheter, 
togethei with diuresis and urinary antiseptics, will suffice as a prepara- 
tion for the removal of the prostate gland When a more severe grade 
of sepsis IS piesent, it will be necessary to perform suprapubic cystotomy 
and diam the bladdei A large proportion of the patients on ivhom 
prostatectomy is perfoiined show signs of arteriosclerosis, a few liave 
valvular disease and some have impairment of the myocardium The 
degree of circulator}^' stiain that is permissible in any given case will 
be decided by^ the physician and the anesthetist Some of the patients 
run giave circulatory risks from the condition of the heart, as well 
as from the state of the blood pressure The first point is that many 
patients submitted to prostatectomy have low blood pressures and a 
considerable numbei have very^ low pressures Thus, of 107 consecutive 
patients, 44 (41 1 pei cent) had a systolic pressure of 140 mm of 
mercury or less, and 19 (177 per cent) had a systolic pressure of 120 
01 less ^Vith very high blood pressure one would expect serious 
hemorrhage, yet of 15 cases m wdnch the systolic pressure was more 
than 200, seiere postoperative hemorrhage occurred in only 2 (13 3 per 
cent) , in none was the hemoirhage seiious at operation In low-grade 
pressures of 120 or less, more severe hemorrhage occurred in 4 cases 
(21 0 per cent) at operation, and m 2 cases (10 5 per cent) after opera- 
tion The longer the blood pressure the greater the probability of 
thrombosis and of pulmonar)^ embolism In 19 cases m which the blood 
pressure w as 120 or less, there were 3 cases of thrombosis of pelvic or 
ceiebial veins and 2 cases of pulmonary embolism (263 per cent) , 
in the remaining 88 cases of the senes there were only 2 (2 2 per cent 
of thrombosis In the entire senes, only 1 patient died of sudden ca 
failure ( s) stolic pressure, 200) Thomson- Walker s experience ma 
him fear the danger of thrombosis and pulmonary embolism in cases 
which the blood pressuie is low^ Of 16 patients wuthg 
prostatectomy w'as performed, 12 (75 per cent) recovere 
operation and 4 died (25 per cent) , diabetic coma was le 
death of 2 patients ivithin three days of the operation 
performed on these patients before modern advances in i 

of diabetes 
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Thomson-A\ alkei stated that the best foim of tieatment for the 
adenomatous piostate gland is lemoAal b} opeiation unless tbis is contia- 
indicated He belie\ed that it has been the evpeiience of all uiologists 
that the opeiation can be successfulh peifoimed on extiemely old men 
Fre 3 ei related that m 1 625 cases of pi ostatectoni} he had operated on 
92 patients betA\een the ages of SO and 90 }eais, and on 13 in their 
eightieth }eai iMth 12 deaths (115 pei cent) This is a fine lecoid of 
work but the moitalit} heie is twice that of his total a\eiage In 
Thomson-’\^ alker s own cases thcie A\eie 27 patients aged 80 }ears 
01 more, 3 patients died a death latc of 11 11 pei cent, wdiich close!} 
coriesponds to FiCAcr’s figuies Constant skilled attention is necessan 
m these cases aftei opeiation Anothei point m faAOi of early opeiation 
is the “silent’ piostate gland with chronic urinaiy letention This con- 
dition IS one of the most difficult and dangerous m prostatic surgen 
The onh way to pi event the deAclopment of so giaAC a complication 
is thorough examination m all cases of fiequent mictuiition and con- 
tinued obserAation If icsidual urine is found, operation should be 
recommended Fuithei leasons win opeiation should not be dela}cd 
indefinite!} are the dangei (1) of sepsis and (2) of malignant changes 
in a prostate gland which is the seat of simple enlargement 

Thomson- Walkei stated that m the ordinal y case, the two-stage 
operation does not appeal to be safei than the one-stage operation 
Shock IS not a factoi m uncomplicated one-stage prostatectom} His 
experience has been that the second stage of a tw^o-stage pi ostatectom} 
IS much more likely to produce shock that a single-stage opeiation If 
the open operation is pei formed when c}stotom} has been done pre- 
viously, it becomes necessary to dissect the whole of the scar tissue and 
to mobilize the bladder The procedure is therefore much more seiious 
than a single-stage opeiation Hemoiihage is not less in a tw^o-stage 
than in a one-stage opeiation There was no question of sepsis being 
reduced m the cases commented on, for the bladder w’^as aseptic In 
the two-stage prostatectom} the bladder practically ahvays becomes 
infected during the period of drainage before prostatectomy Disad- 
vantages of the twm-stage operation are that there aie tw^o operations 
and two anesthetics, and the period during which the patient remains 
in bed is longer 

Gibson®” stated that primary closuie and healing aie applicable to 
perineal pi ostatectomy wounds, and can be made the rule lather than 
the exception Gauze packs oi distensible lubbei bags used for hem,o- 

39 Gibson, T E Pnman Closure in Prostatectom} Ann Sur" 92 8^ 
(July) 1930 
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static pm poses aie objectionable foi a numbei of leasons They stretch 
the dilated piostatic cavity still faithei, which tmdei ideal conditions 
should be peimitted to collapse and shrink as soon as the gland is 
removed , they cause the patient discomfort, not only by then presence 
but b} then i emoval, and they delay healing of the wound by leaving 
a tempoiaiy urmarj^ fistula on withdrawal, which oidinaiily lequires 
fiom two to four weeks and peihaps longei to close 

Befoie piimary closuie can be done safely, it must be ascertained 
first that all bleeding has been caiefullj conti oiled If bleeding can be 
satisfactorily conti oiled the wound is closed tightly without drainage, 
and the unnai} stieam is taken caie of bj’’ means of a retention cathetei 
thiough the urethia If bleeding cannot be checked satisfactorily bj 
suture the piostatic fossa is packed with strips of gauze 

In pel meal prostatectomy it is geueially possible to get an adequate 
view of the neck of the bladdei, and in the majority of cases the wound 
can be closed without using either packs or bags In a senes of twenty 
consecutive opeiations foi peiineal prostatectomj , Gibson was able 
to do a piimary closuie siiccessfullj in thirteen In the other seven 
he felt compelled to lesort to packs to check the bleeding completely, 
thus making primai}- closuie and piimary healing impossible Analyzing 
the tvo gioups of cases with lespect to duration of postoperative con- 
valescence, the average time spent in the liospital by those for whom 
packs weie used uas tventy-two days In the cases of pnmaiy closuie 
m which packs weie not used, the aveiage time m the hospital after 
operation was sixteen dajs 

IKCTHKA 

Debenham leriewed forty cases of iiiethral calculi 
lecoided at the London Hospital duiing the last twenty yeais, impacted 
calculi occuiied in thnty-four male and in thiee female patients In 
the lemaimng three cases the condition was piobably pnmaij urethral 
calculi In each instance theie was a urethral stiicture of long stand 
mg, and the symptoms suggested this condition combined with cystitis 
Urethral calculi aie lefeiied to as piimaiy or secondarj, accor - 
mg to then site of ougm Piimaiv calculi aie raie and are tormed 
nithm the urethra either behind some obstiuction or within ^ ^ P ^ 
Secondary calculi are more common thej aie formed m the i ne\ 
oi bladdei and are passed down the uretlira The ’ 

of the calculus is just proximal to the nairowest portions o tic 
In the noimal healthy methra thej are usuall} impacted ^ 

distance behind the external urinary meatus oi in tie pros a 

T Urol 2 113 (Tune) 1930 


40 Oebenham R K Urethral Calculi, Brit 
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of the uielhui lust behind the naiiow munhianous pait Pnmai \ and 
secondai}'^ calculi diftci in then composition, a piimai} calculus is phos- 
phatic, a secondai} concietion is composed of any oi all of the con- 
stituents that make up lenal oi vesical calculi A piimaiy stone ma> 
he doimant foi a long time, the patient having symptoms suggesting 
uiethial stiictuie oi cystitis The secondai 3'^ calculus pioduces sudden 
ohstiuction eithei complete ot paitial, and necessitates immediate 
ti eatment 

In about halt ot the men the stone vas impacted a shoit distance 
behind the uiinai} meatus 1 he calculi <11 c usualK small and single 
laiel}'^ multiple, and vai} in size fiom about 1 2 to 0 6 cm In only one 
ot the thiit3-foui cases ot impacted calculi in men veie the stones 
multiple If the calculi aie of the piimai\ vaiiet)'^ 01 if they haie 
been hmg foi a long time in the uiethia, foi example, those found 
behind stiictuies, aie moie likel} to be multiple and laigei, as the} no 
longei ha^e to confoim to the si/e of the noimal uiethia Multiple 
stones aie also often faceted Laigc iiiethial calculi have not been 
noted, lecenth a case was lepoited of a Chinese boatman who had 
2,170 stones weighing 81 Gm m the uiethia 

The symptoms ]Moduced b\ an impacted uicthial calculus depend 
piimaiil} on the extent of ohstiuction caused b^ the stone When 
complete ohstiuction lesults, the t\pical histoi} is that se\eial hours 
prcMousl}, 01 peihajis the day before, the patient expeiiences sudden 
pain 111 the penis dining uiination, associated with sudden cessation in 
the flow' of mine and occasional!) follow'ed by the passage of a few 
diops of blood Retention of mine follow's M'hen obstruction is partial, 
the histoiy is often of longei duration, peihaps a da) 01 twm, 01 occa- 
sional!) two weeks 01 moie In one case the calculus was impacted 
m the fossa naMculaiis of the urethia foi tw^enty-thi ee yeais The 
calculus IS often easily palpable m the uiethia as a hard lump, especially 
if the stone is m the penile uiethia Sometimes, if neai the external 
meatus, it may actualh be visible If situated m the piostatic uiethia, 
it may be felt by lectal examination 

In most cases wdien the stone is situated m the anteiior portion 
of the urethia, it can easil) be lecovcied with foi ceps If situated in 
the posterioi uiethia, the stone is pushed back into the bladder and 
then ciushed In some cases exteinal urethrotomy is necessaiy, and 
incision IS made ovei the stone, the stone lemoved and a catheter tied 
m the urethia foi a few da)s If the condition is complicated b) a 
stricture of the urethia, dilation, or internal uiethiotomy mav be 
perfoimed and forceps used to lemoie the stone 
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\Vomen laiel} ha^e iiiethial calculi as thc} do not often have Aesical 
stones and as the luethia is shoit and dilates leadil) 

Co? a n c/e— Olcotf^ stated that the epithelium of cai uncles of the 
female uiethia fiequenth shons enough infolding to make the benign 
natuie appeal doubtful to one who is not familiar with this paiticulai 
stiucture Compound acmai glands similai to those desciibed by Skene 
fiequentl} are piesent in the female uiethra The} Aveie found in 
seventeen of the t\vent}-thiee cases consideied Olcott suggested that 
these glandulai stiuctuies ma} be significant in the formation ot 
cai uncles Twenty-thiee cases of cat uncle weie leiiewed m which slides 
w ei e satisfactory and the histoi y fan ly complete The ages of the w omen 
laiied from 23 to 55 3 '-eais, the aieiage age being 51 Of the fifteen 
patients whose maiital status was lecoided, ten rveie maiiied and 
had borne childien, thiee w^eie manied but childless, and tNvo weie 
unmained Complications noted weie lelaxation of the pelvic flooi 
m SIX patients and piobabh in several otheis, hemoiihoids in two, 
diabetes in one and c}stitis in one 

Hcimaphi odisin — Kleb’s classification of tiue and false hermaphro- 
dism and his subdivisions are generally accepted Foi descriptive purposes 
the classification de^ eloped b} Gueiicolas into glandulai and tubular 
heimaphrodism is most useful, the lattei coming under the heading 
of false hermaphiodism 

McCrea^- lepoited a case of the tubulai vaiiety, that is, both 
]\Iuller’s and woIffian ducts weie piesent in one peison This case is 
of additional mteiest as there w^as also a neoplasm of the internal 
genitalia The patient, aged 31 }eais, w^as admitted to the male w^ard 
of the hospital in Ma}, 1928 wuth the complaint of severe pain in the 
back, obstinate constipation and sw’’elling of the abdomen wdiich was 
rapidly increasing Examination levealed a laige abdominal tumoi, 
appaiently arising fiom the pehis, wdiich w^as about 20 cm in size 
The mass could be felt anterioily by lectum E' either testis uas 
present in the sciotum At operation a laige, nodular tumor, partly 
c}Stic and parti} solid w^as found, this lose from the pelvis and w’as 
adheient to the lectosigmoid It iias consideied that the tumor was 
malignant, and piobably arose from a retained testis Operation 
was not possible On searching foi the testes both were found, but it was 
noted with some surprise that a tube with a fimbiiated extremity la} m 

41 Olcott, C T Urethial Caruncle in the Female Surg Gmec Obst 51 61 
(Tub) 1930 

42 :\IcCrea, E d’A Tubular Hermaphrodite with Teratoma of thc Intcnn 
Genitalia Brit J Surg 18 91 (Tub) 1930 
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1 elation to each Complete exploiation u.is impossible Posimoitem 
examination m Juh sho\\ed maikccl secondan nnohcmcnt of the aoitit 
glands and Inei Removal of the pehic contents i sealed a ntcuis 
with bioad ligaments and tubes with fimbiialed exticmitics passintr 
to the two gonads pievioush noted, luo vasa dcfeiens passing down 
the postei olatei al maigms of the uteius m intimate lelation with its 
wall, tw’^o seminal \esicles lying behind and to each side of the lowei 
segment of the uteius, and a w’^ell developed piostatc gland The uteiinc 
cavit}, which showed no evidence of division into uteius and vagina 
othei than naiiowmig 2 5 cm fiom its mtciioi termination, opened into 
the prostatic uiethia at the noimal site ol the piostatic utricle, and the 
length of its caMt\ Horn uiethia to apex was 13 25 cm The ^asa 
defeiens oiiginated fiom two nodules King between the lajcis of the 
‘bioad ligament situated mesial to the tw'O gonads, but clcarlj sepaiate 
fiom them, the} joined the ducts of the seminal \esiclcs, and the 
ejaculatory ducts opened at then noimal sites on each side of the utiiclc 
The tumoi, 20 by 13 by 7 cm , appealed to be a teiatoma, and had an 
attachment to the anterosuperioi surface ot the utei us and to the antci lor 
aspect of the broad ligament It had no i elation to the two gonads oi 
to the tubes, all of wdiich w'ere fiee and cleaily demonstiated at the 
operation in May, although at necropsy the appendages of the left side 
were paitially obscured by the tumor and its secondary growths 
Microscopic examination revealed that the uterus possessed an apparcnth 
normal endometrium and a w'all made up of smooth muscle , the tubes, 
seminal resides, vas defeiens and prostate gland appealed normal The 
gonad of the right side w^as definitely a testis, and seiial section failed 
to sliow^ any trace of ovaiian tissue, the left gonad, w'hich w^as largel} 
destioyed by secondaiy growths, also pioved to be a testis The tumoi 
contained numerous cysts, the majoiity of wdiich showed intracystic 
papillomas, among othei tissues found w^eie bone, caitilage, smooth 
muscle and tubules lined with epithelium Ectodeunal deiivatives iden- 
tified were some ludimentaiy teeth and a small cyst lined by squamous 
epithelium from which a few hairs spiang All the secondary growths 
examined were papilhfeious cystadenomas It w^as noted that the 
patient was typically masculine, without any evidence of female 
chaiacteiistics A histoiy obtained fiom his bi other and looininate 
howevei disclosed that since the age of 17 theie had been attacks of 
abdominal pain “neaily every month, peiiodical like a wminan,” and at 
such times it w^as obseived that the uime w'as stained wnth blood 
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XjROGRAPHV 

Jona and Fleckei stated that pyeloscop) is a comenient method for 
detei mining the pathologic changes m cases of pain in the kidney when 
lithiasis IS absent In many cases of pyelitis these investigators ha\e 
detei mined by dnect obseiwation which ding gnes the best contraction 
ot the lenal pelvis Patients who have siiffeied foi }eais fiom backache 
with pel iodic exacei bations of headache, sweating and rise of tempera- 
tuie, haie derived immediate lehef from stiychnme, physostigmine 
and moiphine, eithei alone or combined, when citrates and the iisiiall} 
lecogmzed treatments have failed In cases of hydionephrosis m 
Avhich the pelvis contiacts well and vigoiously, the treatment is pli- 
cation , if the pelvis does not contract and is simply an inert atonic 
sac nephrectomy is indicated In cases in nhich a malignant lesion 
occuis earl}’-, involvnig perhaps only a single cahx, the absence of 
conti action of one pait of the pelvis associated nith “idiopathic’’ 
hemattiiia of icnal oiigm noiild justify an exploratoiy operation In 
the opinion of Jona and Fleckei, too much stress cannot be laid on 
the necessity foi sloiv injection into the pelvis of the kidney and the 
danger of luptuie occuinng if natuie’s warning of pain is ignoied 

Iopa\ — Biaasch^-^ stated that fiora the expeiience of those nho 
ha\e employed lopax its gieatest A’alue piobably will be in detei mining 
the condition of the kidnejs m cases m which ureteial catheteiization is 
difficult 01 impossible This nould include cases of intolerance, a con- 
ti acted and tubeiculous bladdei, anatomic obstiuction of the uietei, 
extensile vesical neoplasm, prostatic obstiuction impassable stiictme 
ot the luethia, lectal implantation of the uteius and, in infants and older 
patients, cases in which mtioduction of the cystoscope is difficult because 
ot defoimities The intiavenous method peimits bilateial pyelogiaphy 
i\ ithout the dangei s accompam mg bilatei al i eti ogi ade pj’elogi aphi , this 
should be of paiticulai lalue m the piesence of polycystic kidnei 
bilateral hj di onephi osis and fused and sohtari kidne) It will also be 
helptul to the lists of tests of difteiential lenal function, which fie- 
quenth hai’e lett doubt as to the functional capacitv of the kidne} under 
nil estigation lopax olters a bettei medium foi letrogiade pjelogiains 
than sodium iodide, since it has none of the iiritatmg qualities of the 
lattei and since because of the laige content ot iodine, it casts a dense 
shadow 

43 Jona J L, and Flecker H P%eloscopA Radio-copA of the Kidnc% 
Pehis Siirg Gmicc Ob^t 51 50 (Jub) 1930 

44 Braasch W F Intravenous Urograpln, editorial Surg G\ncc Ob't 
51 421 (Sept} 1930 
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Although the method oi mtia\cnous luogiaphy is aAailable to the 
general practitionei , mteipietation of the uiogiam fiequent]\ is diflicult 
and should be lefeired to those nho ha\e had exlcnsne expeneuec 
In some cases the use of lopax maj itndci <.\stoscopic examination 
unnecessai}, but its mterpietation will otlcn ha\e to be accompanied 
by cystoscopic data m oidei to complete the diagnosis 

Galbraith and Mackey"' slated that lOpax contains 42 pci cent ot 
iodine b} n eight and is possessed ol a high degiec of ladiopaeiU ihe 
oiigmal clinical investigations weic tamed out by \on Lichienbtig and 
Swick This drug, injected mlia\enoush in solution, is lapidl} excieted 
by the kidneys almost in its entiietj Roentgenograms taken during 
excietion of the ding give satisfactou Msuahration of the uiniar\ tiact 
In a prelimmar} seiies ot cxpeiiincnts on animals with lOpax, Galbiaith 
and Mackej’s object was to deteimme whethci oi not this diug was 
capable of injuung the lenal paiench^ma For this jmrposc the\ 
employed labbits and admimsteied the standaid dose foi man foi each 
kilogram of bod} w^eight, and a senes of laigci doses up to se\en and 
a half times the standaid amount Faiih satisfactor\ visuah7ation of 
the urmaiv tiact w'as obtained b\ the standaid dose, and it is note- 
worthy that improAement in the locntgenogiaphic pictuies did not fol- 
low the use of laigei doses It is Galbiaith s and Macke} s belief that 
the shaip demonsti ation of the lenal paicnclnma ma} pio\c a \aluable 
featuie of the method m human beings A toxic cftect was not jiioduced 
m ail) animal even with the laigei doses klicroscopic examination 
of the kidne} s failed to i c\ eal evidence of injui y to the i enal pai cnchyina, 
eithei immediately aftei the excietion of lopax oi at intenals up to foit} 
days after tieatment 

Galbiaith and klackey concluded that lopax is piacticalh haimless 
and IS unlikely to pioduce mjiiiy when used in doses sufficient to gne 
satisfactoi} roentgenographic pictuies 

Ui eih ogi aphy — Knutsson attei bi lefl} i eviewmig the method used 
m urography, described a clamp foi the penis made foi that paiticulai 
purpose The clamp makes the examination simpler and moi e convenient 
He also commented on the so-called colliculai elongation of the postei loi 
uiethra In contradiction wnth Dresslei he holds [hat onl} fiom 1 to 
2 cm of the shadow abore the colliculus semmalis is caused by the 
uiethra and that the remaining pait of it is caused b) some ot the 
opaque fluid collecting in a fold of mucous membrane at the bottom of 

45 Galbraith, tV W , and IMackei W \ Uroselectan A. Prehminari 
Experimental Note Bnt J Urol 2 122 (June) 1930 

^46 Knutsson, Folke On tlie Technique of Urethroqraphj , Acta rachol 
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the iDladder The elongation of the uiethra is thus only appaient, and 
It IS not of significance in estimating the size of the pi estate gland 

INrECTIOJC or THE URINARY TR \CT 

\'on Lichtenbeig consideied the juncture of the uimary and 
genital tiacts a potential source for the spiead of disease The intimate 
topogiaphic contact with a common blood, Ijmph and nerve supply 
makes it seem inevitable that a pathologic piocess in one of the tracts 
will also affect the othei A primary, exogenous infection of the prostate 
gland and seminal lesicles ivill be the etiologic factoi for secondary 
pathologic changes in the uppei pait ot the uiinaiy tiact A number 
of cases of ureteial stiictuie, uieteral kinks, periureteiitis, perinephritis 
and pyogenic renal disease are caused by diseases of the adnexa 

A point of view of pathologic change m the system leads to a correct 
diagnosis in such cases and forms the backgiound for proper tieatment 
It allows the correct pathologic evaluation of ureteral disease By this 
means von Lichtenberg found the connecting link which joins the 
diseases of the lowei uimary tiact and genital organs with those of 
the kidney into one pathologic and clinical unit 

Von Lichtenbeig divided the cases into two laige gioups those 
in which cuie can be effected by conservative tieatment of the adnexa, 
and those m which a suigical piocedure is necessary to produce healing 
Except m cases in which the disease of the vesical sphincter is already the 
cause of residual urine, opeiation is performed only aftei conservative 
treatment has been unsuccessful 

Conservative tieatment consists of diatheimy of the adnexa, injec- 
tions of sulphonated bitumen, N F sitz-baths and intiavenous injections 
of sodium iodide, acriflavine, mercurochrome'220 soluble, arsphenamme 
and methenamine Von Lichtenbeig has seen good lesults after the 
long-continued use of hexylresorcinol with diatheimy It seems to have 
a favoiable influence on postgonorrheal infections of the adnexa 

[Ed Note — It is remarkable that in the past so little emphasis was 
placed on the causal relationship between gemto-ui inary and adnexal 
diseases Recent American hteiatuie on the subject is especially scanty 
Urologists in this countiy have as pointed out b}'^ Braasch, paid more 
attention to distant foci of infection Foi this reason, von Lichtenberg s 
article presents a point of vieiv that aviU doubtless arouse much interest 
and comment Hunner has often emphasized the relationship of 
endocenncitis, adnexal inflammation and even normal pregnancy to the 

47 von Lichtenberg, A Kidney and Ureteral Lesions Secondan to Adneva! 
Disease, J Urol 24 1 (Jnlv) 1930 
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dcAelopment ol uieteial slnctuie and stasis ot the iinnaiy tiaet Von 
Lichtenbeig, A\hile avoiding this subject, bungs out ideas of the same 
geneial oidei The urologist must study his male patients caiefully 
tiom the standpoint of i elated piostatic oi seminal vesical disease, 
in a study ot women the intimate coopeiation ot the g\nccologist must 
be sought if the uiologist is not also a gynecologist Operative measuies 
aie to be leseived loi those cases which do not lespond to more con- 
seivative tj'pes ot tieatment such as outlined by von Lichtenberg ] 
Ke}es-‘'= stated that because genital infections are often old and 
almost f 01 gotten Ida the patient, they aie easily OA’^ei looked AAdien urinarj^ 
tiouble arises Contact of the seminal vesicle A\ith the iiretei is of gieat 
inteiest in cases of ureteial stiictuie and lenal infection 

Biaasch'^® obsened that, in looking foi foci of infection Avith chronic 
uiinaiy infections American uiologists have paid more attention to 
tonsils and to teeth than to the adnexa Many have recognized these 
adnexal infections and tieated them, as Avell as othei foci, by both con- 
servative and ladical methods, Avithout i educing the degree of infec- 
tion m the kidnejs \'"on Lichtenbeig has not only remoA’’ed foci, but 
has attempted to oveicome any possible mteifeience m renal drainage 
He frees the uietei fiom both periureteral and inti a-ureteral obstruc- 
tions He also frees the kidney from adhesions and performs neph- 
ropexy, belieAing that the lenal position or paiaienal obstructions may 
inteifere Avith urinaij'^ diainage He drams the kidney by putting a 
cathetei through the coitex by his own method 

In revieAvmg 1,200 cases of chioinc infections of the kidnejf, Braasch 
found that natuie aids in lemedjing these conditions Of the various 
methods emploj ed, no single procedure could be regai ded as a panacea 
At the end of five years a third of the patients Avere free from symp- 
toms, apparently laigel) spontaneously, although they had undergone 
eveiy foiin of treatment A considerable percentage of the lemaining 
tAvo-thiids should be benefited by the treatment outlined by von Lichten- 
berg One of the urologic problems that lemains to be solved is the 
discoAfei}’’ of some method, either by vaccine or intravenous medication, 
to oveicome chronic infections in the kidney which do not respond to 
A'^aiious foims of treatment noAv employed 

In Avomen, chionic p) elonephritis occurs in less than 40 per cent, 
AAhereas acute pyelonephiitis occurs in approximately 80 pei cent A 
caieful search should be made for pelvic infection, and, if present, it 
should be removed Tbe cervix should be examined carefully as a possible 


48 Ke 3 es, E L , in discussion of ion Lichtenberg (footnote 47) 

49 Braasch W F, m discussion of A^on Lichtenberg (footnote 47) 
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focus of infection and cultmes aie fiecjuently indicated In many cases, 
amputation of the cervix was indicated, and in some cases this pio- 
ceduie \ias followed by excellent lesults 

Oeconomos stated that infection of the urinaiy tract by colon 
bacillus is of significance because of its fiequenc}, manifold clinical 
forms, complications, sometimes difficult diagnosis and the numeious 
and new tieatments In ceitain cncumstances toxins aie secreted, the 
intestinal epithelium is altered, and the colon bacillus entei s the blood , 
It may deteimine septicemia, in the course of which the oigaiiism can be 
localized as a result of urinary stasis in the kidne}S. meters, bladder, 
piostate gland, seminal vesicles and uiethia, thus manifesting the com- 
plete range of the uimar} infections 

The origin of such a condition is often an intection ot the intestines 
especially fecal stasis and the piesence of intestinal parasites Fecal stasis 
brings about eiosions oi intestinal changes that allow the colon bacillus 
to filter through the intestinal walls, pioducing autointoxication Urinaij'^ 
stasis IS the piime factoi m localizing this infection thiough the urinaiy 
organs From the expeiimental point of new, the colon bacillus acts b\ 
means of its toxins, which aie more dangerous as thev become oldei 
This bacillus often follow s the hematogenous i oute tin ough tw^o stages , it 
first entei s the hmphatic vessels and finally poms into the general cii- 
culation 

The tieatment ot infection ot the uiinai} tiact b} the colon bacillus 
must be diiected to stasis the infection, and the initial lesion giving use 
to the infection Stasis should be conti oiled b} the piopei methods and 
the infection by the seium anticolon bacillus of A'mcent If stasis is 
not apparent treatment should be dnected tOA\aid the intestines b} 
diet administiation of liquid petiolatum, larage etc w'lth regaid to 
the uiinary tiact collaigol should be gnen b} mouth alternating with 
phenvl sahc}late, associated with meth>lene nine ( methyl thionine 
chloiide U S P ) and the tiact should be lar aged the infection should 
be attacked b} the anti-BaciHits colt seium of Vincent 

Bade) tophagy — Ki uegei , Faber and Schultz stated that data 
obtained by periodic examinations of specimens of urine fi om eight cases 
of acute ui man infection in wdiich alkalis w’eie gnen b} mouth indicate 
that alkalization, wdien efiective, mar facilitate an increase of the MUilence 
of bacteriophages natuially occuriing in the mine, piobabh b> piond- 
mg the optimal leaction foi bactei lophag} In twehe cases ot acute 

50 Oeconomos SpNridion Bacillus Coli Infection of tlie Unnar\ ApparatU'' 
Bnt J Urol 2 141 (June) 1930 

51* Krueger -\ P, Faber FI K and Schulte F V Obser%ations on tlic 
Bacteriophage in Infections of the Urinar\ Tract J Urol 23 397 (April) 193 
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infection of the nnnaiy tiact, a stiain ot colon bacillus lesistant to the 
bactei lophages uas haiboied in one (8 pei cent), wheieas in sc^ent}- 
se\en cases of chronic infection of the uiniaiy tiact, foity-two patients 
(54 per cent) ueie infected uith oigamsms lesistant to bacteriopliages 
In thirt}-five cases of cbionic conditions, bactei la weie hai bored that 
weie capable of complete l}sis b} one oi inoie races ot bacteiiophages 
In onl} three of sixteen cases in uhich pooled suspensions weiegnen was 
prompt recovery noted , t\\ o patients failed to i espond to the ti eat- 
ment, and eleven gradual!} lecovered Of nineteen patients to whom 
matched indnidual laces of bactei lophages weie admmisteied, onl} 
one recorered piomptl} four failed to ieco\ei and fouiteeu lecoeeied 
graduall} Twenh-fiie of thirt}-fiic patients ieco\ered gradual!} , 
their recoven was not definitel} attiibutablc to the bactei lophages 
Foui patients recmeied lapidl} and six failed to recocer 

The general tiend ot the lesults does not make it possible to state 
with accurac} hoiv much value ma\ he attiibutable to the bacteuophage 
as a theiapeutic agent m chronic uiinari infection The limited number 
of cases would pieclude am fai-i caching conclusions In the expeii- 
ence of these mvestigatois the bacteuophage treatment foi urinai} 
infection has failed to rcahre the good lesults repoited b\ precious 
investigatoi s 

Martin^' expiesscd the opinion that to obtain lestoiatiou to noimal 
of diseased uiinan oigans, it is necessai} to leestabhsh the fiee flow 
of urine to eradicate the oiigm of disease, to collaboiate with natuie 
and to seek the help of an antiseptic if there is one foi the germ 
m question 

Jaeggy emphasued the necessitc of taking into account the man- 
ner of urinar} infections and at the same time of treating the piimar} 
souice, if possible Ihe tiue unnary acidit} should be found and con- 
ti oiled dail} dm mg tieatment A simple and rapid method of detei- 
mming the true uiinan acidit} was desciibed For piactical pm poses 
It is w'ell to distinguish stiong oi weak alkahnit}, and stiong, medium 
01 weak acidit} From the evidence of numerous works on the subject 
the value of unnary antiseptics hardly agiees with their bactenologic 
powei in vitro The gieatei part of such piepaiations leact soonet 
m a medium as stimulants to means of defense lathei than as bac- 
tericides The old pieparations of phenyl sahc}late methenamine 
camphoric acid and the balsams continue to retain the positions 
acquired, and hare hardh been supplanted be new piepaiations Among 
the latter, the aisenobenzols, owing to their almost specific action 

52 Martin A. P Urinan Antiseptics Bnt J Urol 2 139 CJune} 1930 

53 Taeg-^\ U Unnar\ Antiseptics Bnt J Urol 2 140 ('June') 1930 



688 


ARCHIVES OF SURGERY 


againbt staphylococci, have shown value as a theiapeutic measuie 
jMercurochiome-220 soluble should be leseived foi conditions that 
have lesisted mildei lemedies 

CHYLURIA 

Kidd^'* described two cases of chyluiia and filanasis in which 
suigical tieatment was given One patient who had been treated toi 
infection of the uiinaiy tract later passed laige quantities of inilklike 
urine A cathetenzed specimen looked like milk, and microscopically 
It contained laige numbeis of minute fat dioplets, theie ivere traces 
ot pus and bacilli Specimens taken fiom the light kidney on two 
separate occasions contained fat, the urine fiom the left kidney was 
normal A i oentgenogram was negative foi stone, but pyelograms 
showed a dilated hydroiiephrotic right kidney Filarial embryos could 
not be found in the blood or the urine Abdominal nephiectomy was 
lieifoimed The lectus muscle was turned inwaid, and the peiitoneal 
cavity was opened and explored, evidences of dilated abdominal lym- 
phatic glands, howeiei, could not be detected The light kidney was 
exposed by cutting the peritoneum outside the ascending colon The 
right ureter at the ureteropelvic junctuie foimed an S-shaped kink 
with high valvular nisei tion of the ureters into the pelvis The pehis 
appealed as a distended cyst, and the renal substance was lobulatecl 
and thinned to less than a thud of its usual thickness The blood supply 
was normal The kidney ivas haidened in foimaldehyde and then 
opened and dissected Evidence of the presence of filarial worms or 
embryms could not be found The appeal ance ivas that of infection 
and hydronephi osis Convalescence was uneventful 

In a number of cases of chyluria reported in recent years, uieteial 
cathetei ization showed that the disease was confined to one kidney In 
many cases the sy^mptoms were not severe enough to warrant operative 
proceduie, onty six are repoited in the liteiature in which operation 
ivas performed, and in only three cases ivas it successful Kidd found 
it necessaiy to operate m the first case on account of the presence of 
congenital hy^dionephrosis In the second case, that of a youth, aged 
19, the left testis was gieatly' enlaiged, pear-shaped, elastic and tense. 
It could not be determined whethei the swrelhng w'as fluid or solid 
An exploratoi}'^ operation w'as performed, the testis being exposed 
through a long incision extending from ovei the cord, the full length 
of the sciotum The tunica vaginalis, tensely’^ distended ivith nontrans- 
lucent fluid, w'as incised and a large quantity of fluid lesemblmg milk 

54 Kidd Frank Surgical Treatment of ChvUtna and Filanasis, Bnt J Urol 
2 15 (March) 1930 
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escaped Examination of the coid revealed a numbei of tortuous dilated 
1} niph vessels filled ^\lth clear translucent fluid The majoiity of these 
Ijmphatic glands veie cut acioss, allowing the fluid to escape On 
tuithei examination the fluid w'as found to contain embiyos of hilcnici 
sangiiinis-houwus in an actne state but no tiace of fat The h}diocele 
sac was leinoved, and the majoi poition of the skin was stitched up, 
piOMSion being made foi adequate diamage of the fluid Recoier} 
was uneA^entful Fluid continued to escape fiom the wound foi about 
thiee w^eeks, aftei which the wound became diy and healed soundl} 
The left testis, when examined eight months latei, appealed to be 
noimal This case suggests the following suigical piinciple in dealing 
with filariasis hen an exposed oigan is found to present a laige 
number of vaiicose l}mphatic glands distended with clear, milky oi 
pink fluid, the condition is piobably due to filanasis, and it mai be worth 
while to cut across the mam mass of dilated l}mphatic glands and aiiange 
toi suitable drainage to the surface of the skin 

Fiom a leview^ of the hteratuie the prognosis of chiluiia seems 
to be unfavorable In the presence of renal oi vesical colic, large doses 
of sodium citrate preient coagulation of the fibrin, with lelief of the 
s}mptoms Secondai) infections of the kidneys and bladdei should be 
tieated by renal and vesical lavage and by urinaiy antiseptics Aisphen- 
amine or neoarsphenamine may sometimes exeit a lethal effect on the 
paiasites, and should be tried in all cases befoie suigical inteivention 
Intiavenous injections of taitar emetic ha\e also pioduced good lesults, 
and may be tried if ai sphenamme fails Kidd expiessed the belief 
that if chyluria is unilateral, if drugs fail to cure it and if the patient is 
losing w^eight oi sufteiing from painful symptoms, nephiectom} is 
apparently justifiable and may bring about a cure In cases of bilateral 
lenal chyluna, if there aie dangerous complications, exposure of each 
kidney and upper end of the ureter fiom behind the peritoneum b> 
two separate incisions, with incision of the lymph varices if found and 
piovision for their diainage to the skin, mai piove beneficial A suc- 
cessful surgical attack has been made on vesical ch}luiia Bloch in 
1913, cured such a condition by destioymg wnth the cautery snaie a 
buist lymph vaiix which he could see in the wall of the bladder 

DYSrUNCTION Or THE NER\ E 

Mertz and Smith®’ leviewed thirty-nine cases of disfunction ot 
the nerves of the urinary tiact, thiiteen of wdiich weie their own In 

^ 55 Mertz, H O, and Smith, L A Posterior Spinal Fusion Defects and 
Xer^e Disfunction of the L'rinar-s Tract, T Urol 24 41 (Juh) 1930 
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siK of the twenty-six cases leMCwed from the htevatuie, obscnatious 
made at neciopsy weie given In thiity-foui cases the complaint was 
uiinai} incontinence, associated ^Mth retention of mine m fifteen 
Retention of mine without incontinence occmied m three cases In 
eleien cases the letention was associated -with iiiinaiy lefliix and dilated 
ureteis and pehes, while m one case theie was letention of badh 
infected mine without urinaiy leflux oi meteral changes Coexisting 
neurotiophic changes involved the lenal sphincter m eleven cases, and 
the loner extiemities in eleven cases Distuibed sensation of the legs 
01 about the lulva or anus nas noted in four cases Unusual condi- 
tions of the skin ovei the lumbosacial legion. such as hypertrichosis 
discoloration, tumoi, dimpling and postopei ative scai, weie present in 
eight cases In two cases, no evidence of paiesthesia oi tiophic changes 
in the extiemities was found at opeiation Operation was perfoimed 
in twent}-one cases leviened fiom the literature, in two cases which 
jMei tz and Smith had observed, opeiation benefited one patient and 
Clued the other Obseiiations at operation and the clinical results fol- 
lowing opeiation indicated neive dysfunction Roentgenogiams of 
the lumbosacial legion m thirtj'^-thi ee cases showed varying degiees of 
anomal)- of spinal fusion In nine cases injection of iodized poppy seed 
oil 40 pel cent uas made into the subaiachnoid space, seven cases 
shoued definite eiidences of local pressme on the neive stiuctuies, 
in one case the obsenations neie indefinite and m one they weie mis- 
leading 
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INTRAPERITONEAL PRESSURE 
RICHARD H OVERHOLT, MD 

PlULADrl PHIA 

Piessuie conditions which exist within the peiitoncal cavity haAe 
leceived much less attention than that given to considerations of the 
pressure within other body cavities Since one understands pressure to 
be the action of a foice against an opposing foice, it is possible to think 
of a pressure within the cleft between the parietal and the opi:)Osing 
visceral peritoneum 

Under normal conditions the peritoneal cavity, as it is known ana- 
tomically, IS not a cavity but a cleft However, in this discussion the 
term peritoneal cavity will, because of its widei usage, be used to denote 
the potential peritoneal space, or, more strictl)'^ speaking, the peritoneal 
cleft The ramifications of this cleft extend, for tlie most part, through- 
out the abdominal cavity and between the various organs Nothing is 
contained within this space except a small amount of peritoneal fluid 
which moistens its surfaces There is no communication with the out- 
side except through the fallopian tubes in the female, and this commu- 
nication IS of no practical importance so far as pressures are concerned 
The reflections of the parietal peritoneum conform, for the most pait, 
to the limitations of the abdominal cavity Since practically all of the 
remainder of the peritoneum covers the viscera and moves about within 
the parietal peritoneum, the consideration of pressure values between 
these components of the peritoneum are, for all practical purposes, con- 
siderations of pressure values within the so-called abdominal cavity 

Mechanically, the abdomen has been considered by Krause,^ Hitzen- 
beiger - and Wildegras ® as a closed box with partially rigid and partially 
flexible walls, so that pressure values would follow hydrostatic laws for 
such containers The degree of flexibility of the walls and the specific 
giavity of the contents would determine the pressure at any given point 
With a portion of the container rigid (spine) and an anchorage above 

Submitted for publication, June 13, 1930 

From the Laboratorj of Research Surgery and tlie Department of Surgery 
(Division B) University of Pennsylvania, aided by a grant from the Duane Fund 

1 Krause, N J Dec intraabdominelle Druck im Bereiche Epigastriums 
imd desseii Bedeutung m der Magenchirurgie, Arch f klin Chir 144 201, 1927 

2 Hitzenberger, K Zwerchfall und Intraperi oneal Druck Klin Wcbn- 
schr 8 961 (May) 1929 

3 Wildegras, H Ueber den intrapentonealen Druck, klitt a d Grenz^eb 
d Med u Chir 37 308 1923 
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(costal arch), there is a tendency for the container to maintain its shape 
m Aarious positions The weight of the contents causes a bulging in 
the dependent poitions and a sinking in the upper portions (fig 1) 
Simple mechanical explanations of pressure alterations in the abdom- 
inal cavity are complicated by a movable partition above (the dia- 
phiagm), by attachments to a shifting costal arch, by living contractile 
abdominal walls and by contained viscera some of which may be full or 
empty and may contain gas collections, fluid oi solid matter 

There has been considerable speculation as to the pressure conditions 
that exist within the peritoneal cavity Man}'^ investigators have i eported 
work on intra-abdommal pressure by recoidmg volume changes in bal- 
loons inserted m the rectum, stomach or bladder This determined 
intra-intestinal or intra vesicular pressure and not mtrapeiitoneal pies- 
suie According to Keppich,^ Winkler was the first to measure 
pressures m the peritoneal cavity by inserting a trocar and connecting 
it with a water manometer In a similar way, many other investigators 
have measured the intrapentoneal pressure There has been consider- 
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Fig 1 — Diagram of an airtight container with partially rigid and partially 
distensible vails filled with fluid (After Krause) The effects of gravitation 
on pressure exerted at various points are shown. A, erect position, B, horizontal 
position The anchorage of the flexible walls above corresponds in the diagram 
to the part the spine and costal arch play m the upper part of the abdomen 


able disagreement as to whether it is abot e oi below atmospheric pres- 
sure Kelling,® Hormann ® and others thought it necessary to inject an 
oi water befoie the pressure could be measured Such injections m 
themsehes alter the existing piessure Likewise, all obsenatioiis on 
patients with ascites at the time of an abdominal paracentesis do not 
represent the true piessure Quinn ' and others first opened the peri- 

4 Keppich, J Intrapentoneal Druck, Arch f I'lm Chir 116 276, 19-1 

5 Kelling, G Quoted bj Keppich, footnote 4 

6 Hormann, K Quoted by Emerson, footnote S 

7 Quinn, A Ueber das Verhalten des normalen und pathologisch geslci- 
gerten intraabdominalen Druckes und seme Ruckvirkung auf die artenc e 
circulation, Deutsches Arch f klm Med 71 79, 1901 
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toneal cavity and then sutuied a cannula in place This method is also 
open to the same objection 

In 1911, Emerson® made an exhaustive review of the literature on 
this subject, and concluded that the majority of investigators had found 
a pressure in the peritoneal cavity which exceeded atmospheric pressure 
Duiing his own experiments on rabbits and dogs, he made similar 
observations 

More recently, Wildegras® has contended that the mtrapentoneal 
piessure is as a rule slightly greater than atmospheric pressure Kep- 
pich,^ Melchior and Melchior,® Wagoner and others have consistently 
1 ecorded subatmosphenc pressures by using a large bore needle cannula 
and a water manometer 

Practically all investigators have lepoited shifts m the mtrapentoneal 
piessuies with the phases of respiration, as evidenced by an inspiratory 
increase (diaphragmatic contraction) and an expiratory decrease (dia- 
phragmatic relaxation) in pressure Keppich^ was unable to record 
these variations, and he also pointed out that it was impossible to influ- 
ence the mtrapentoneal pressuie by straining, by pressure on the chest 
or by shifting the position of the animal 

Much of the confusion is undoubtedly due to two things 1 Most 
investigators have taken pressure readings at only one point in 
the abdomen 2 Ail have used a needle or cannula connected with 
a water manometer Whenever the open U-tube water manometer 
IS used to measure pressures, the shift of the column of water in the 
manometer produces a corresponding displacement of air m the con- 
necting tube and cannula If the pressure is below atmospheric pres- 
sure, a certain amount of air is lost from the measuring system and 
passes into the abdomen If the mtrapentoneal pressure exceeds 
atmospheric pressure, the displacement required to effect a shift of the 
manometei causes the visceral peritoneum to seal the openings in the 
cannula, and a true pressure cannot be registered It is probably because 
of this difficulty m measuring pressures greater than atmospheric pres- 
sure that many investigators record readings only in the epigastrium, 
where the pressure is usually subatmosphenc Wagoner^® evidently 
had the same trouble, for he says “No intra-abdominal pressure read- 
ings are obtainable with the animal in this position (horizontal) if the 
needle be inserted posteriorly or posterolaterally, due to the posterioi 
gravitation of the abdominal viscera ” 

8 Emerson, H Intra-abdomuial Pressures, Aren Int Med 7 754, 1911 

9 Melchior, E, and Melchior, P Intrapentoneal Druck, Arch f Idin 
Chir 119 148, 1922 

10 Wagoner, G W Studies on Intra-abdominal Pressure, Am J M Sc 
171 697 (Mav) 1926 
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METHOD 

Dogs were used in all of these experiments In most instances, the animals 
were anesthetized with one of the barbital derivatives, 50 mg per kilogram of 
body weight being administered The barbital derivative was administered intra- 
venously in some and intraperitoneally m others No differences in the lesults 
were observed as a consequence of the method of administering the anesthetic 
Observations were also made on trained, unanesthetized dogs, the cannula being 
inserted after the local infiltration of procaine hydrochloride Animals were also 
observed immediately after death 

An adjustable table was used so that the position of the dog could be changed 
without effecting the recording apparatus The animal could be fastened to this 
table and tilted head up or head down or rotated on the horizontal axis so that 
the anterior abdominal wall was above, on the side or dependent 

A right-angled cannula was devised which could be inserted through a small 
incision 111 the skin, and pushed into the peritoneal cavity without the possibility 



Fig 2 — Diagram of the apparatus used in measuring intrapentoneal pressure 
The variations of pressure within the cannula cause a fluctuation of the water 
bubble in the closed manometer, which was designed by Lewis The instrument 
was calibrated against a water manometer and the linear displacement of the 
water bubble noted under a microscope or projected on a movable photographic 
screen A water bath is constructed about the manometer This is not shown in 
the diagram 


of the entrance of air The cannula was made with a solid tip and se\eral side 
openings, so that occlusion of the lumen would not take place A thumb screw 
and washer were placed on the shaft so that the cannula could be held secureh 
in place without the possibihtv of shifting or leakage (fig 2) Tlie cannu a was 
introduced in different locations of the abdomen For measuring the pressure ii 
the upper portion of the peritoneal cleft, the cannula was inserted in t e epigas 
trium either to the right or the left of the midline For the pressure in t le 
peritoneal cleft, the cannula w'as inserted in the right or left lower qua ran i 
determining the pressure in the posterior portion of the peritonea ^ ^ 

or left costo^ertebral angle was used as the point of entrance for the caiimi a 
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For recording the pressure changes various methods were used In the first 
animals studied, a water manometer was connected directly to the cannula before 
it was inserted In some, a tambour was connected, and tracings were made on a 
smoked drum The objections to the direct measurement of the pressure by the 
U-tube manometer were overcome by the use of a closed system manometer 
devised by Lewis ^ This instrument consists of a hollow glass tube sealed at 
one end, a water bubble in the shaft of the tube and a two-way stop-cock at the 
opposite end (fig 2) With this tube connected to the cannula in the abdomen, 
variations in pressure cause a shift of the bubble The movement of the bubble is, 
however, reduced because of the sealed end of the glass tube, its amplitude for 
any given pressure being determined by the volume of the air m the sealed space 
The exact linear displacement of the bubble was so small that it was necessary to 
take the measurements with microscopic magnification The portion of the water 
bubble at atmospheric pressure was determined by opening the stop-cock and at 
the same time closing off that part of the system which was in communication 
with the peritoneal cavity A water bath constructed about the manometer 
prevented any changes in volume as a result of temperature variations Photo- 
graphic records of the movement of the bubble of water were made by projecting 
a beam of light through the microscope and focusing it on a movmg film For 
this the recording part of an electrocardiograph was used Each closed manometer 
tube was carefully calibrated against a water manometer and by actual calculation 
Such a method met most of the objections of the open sjstem The volume shift 
at the end of the cannula was estimated to be less than 3 or 4 mm, so that 
positive pressures could be measured wnthout the valvelike occlusion of the 
cannula openings by the visceral peritoneum Capillarity of the water column m 
the manometer was avoided The factor of inertia of the w'ater column in the 
U-tube manometer was eliminated 

Various procedures were carried out for the purpose of altering the pressure 
within the peritoneal cavity Moderate pressure of the hand on the abdomen 
and the application of a muslin binder were used to alter the flexibibty of the 
anterior abdominal wall The stomach and colon were distended by inflating 
balloons after their insertion 

Known amounts of air were injected into the abdomen to study the effects 
of pneumoperitoneum on the mtrapentoneal pressure One animal w'as eviscer- 
ated, the abdominal cavity filled with Avater, and the abdominal wall closed In 
this animal pressure observations were made with the same apparatus that was 
used m the living animal i- 


RESULTS 

Animal on Its Back in Honsontal Position — With the cannula in 
the epigastrium readings were made on thirty-three animals A mean 
subatmospheric pressure was lecorded in thirty-tivo of the animals 
This mean is the value between inspiration and expiration The values 

11 Lewus, R M A Closed System Manometer, to be published 

12 At the suggestion of Prof H C Bazett, of the Department of Phjsiologjs 
one obsenation was made on the mtrapentoneal pressure after the insertion of a 
cannula in the epigastrium with the dog m the horizontal position A method of 
mirror reflexion was used, and subatmospheric pressures W'ere demonstrated 
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animal, rh i nitrapentoneal pressure values obtained m sivtcen 

in the epigastrium and the animals placed on their 

backs in the horizontal position The extremes of the arrows show the actual 
pressure variation during the two phases of respiration Note that the majority 
the readings ivere below atmospheric pressure, and that the pressure fell 
during inspiration in all but two instances 



6 ^^ 2.9 Dog 

L ocal Anesih. 



Fig 4 (dog 203) — Weight of animal, 19 Kg Kjmographic tracing showing 
curve of the mtrapentoneal pressure with animal on its back in a horizontal posi- 
tion Local anesthesia was used Note the drop in the pressure from the 
atmospheric level as cannula was inserted and the absence of marked changes in 
pressure with alterations of position due to the lack of anesthesia Note the 
absence of respirator 3 ' excursions m this record The readings were recorded 
m centimeters of water pressure 
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varied fioni 5 to 100 mm of water pressure In one animal the pres- 
sure was zero (fig 3) Subatmospheric pressures w^ere also obtained in 
tw^o dead animals In three animals in which no anesthesia was given, 
the intraperitoneal pressure in the epigastrium w^as below^ the atmos-/ 
phene value in two and above in one (fig 4) 

No relationship could be w^orked out betw'^een the weight of the 
animals and the pressure found in the peritoneal cavities of the animals 
in the horizontal position Pressures were found to be longest when the 
animal w^as deeply anesthetized Under such conditions, the pressure , 
became even still lower if the legs of the animal were stretched so that 
the concavit}'- of the anterior abdominal wall approached a straight line 
If the animal was lightly anesthetized or was straining, the pressure 
became greater, and its rise w'^as even more marked w’^hen the legs were 
stretched , that is, the pressure values were reversed 

Relation of Respii ation to Inti apeutoneal Picsswc — In the experi- 
ments in which the U-tube manometer was used, we were unable nor- 
mally to detect fluctuations in the intraperitoneal pressures caused by 
the respiratory excursions Following the injection of a small amount 
(from 2 to 5 cc ) of air into the peritoneal cavity at the site of the 
cannula, respiratory excursions could be recorded 

How^ever, we were able to observe in the normal animal variations in 
pressure with the respiratory phases without the induction of a pneu- 
moperitoneum by using the closed water bubble manometer devised by 
Lewis (figs 5, 6 and 7) In seventeen animals that were breathing 
quietly and regularly it was found that the pressure in the peritoneal ' 
cavity decreased during inspiration and increased during expiration 
This IS contrary to the results obtained by other obser\ ers 

The same inspiratory decrease in the intraperitoneal pressure w^as 
noted wdien the cannula w^as inserted in the lower part of the abdomen 
or in the costovertebral angle The same observation was made in the 
animals that had only local anesthesia for the insertion of the needles 
In fact, a change in the position of the animals did not alter this rela- 
tion of f-ressure variation to the respiratory phase so long as the quiet, 
even type of breathing w^as undisturbed 

Howe\er,^if--liie animal strained under light anesthesia, struggled 
under no anesthesia, or had an irregular abdominal type of breathing 
the pressure variations wnthin the peritoneal cavitj'- were reversed i e 
the increase w^as noted during inspiration (diaphragmatic descent) and 
w'as decreased during expiration (diaphragmatic relaxation) 

Relative Positions of the Cannula and the Animal — ^\Vith the can- 
nula in the lowei part of the abdomen and the animal placed m the hori- 
zontal position, the mean pressure in the majoritv of instances w'as 




Fig 5 (dog 615) — Photograph on a moving screen of meniscus of the water 
bubble in a closed manometer The cannula was in the epigastrium The dogs 
were anesthetized with a barbital derivative The white line through the center 
was set at atmospheric pressure Note the variations from this line with the 
change in position Also note that the pressure during the short inspiratorv 
phase IS decreased The animal was on its back (Experiment 62, weight of 
animal, 12 Kg ) 



Fig 6 (dog 615) — Photograph showing pressure changes in the loner part 
of the abdomen with shifts in position Note that in the horizontal position the 
pressure is above the atmospheric level, as indicated by the white line The 
pressure decreases with the inspiratory phase Note that the pressure shifts are 
the reverse of those obtained with the cannula in the epigastrium (fig 5) Tlie 
animal was on its back (Experiment 62 ) 



Fig 7 (dog 615) — Photograph showing pressure changes as registerc in 
Lewis manometer with rotation of the animal in the horizontal position _ 
animal is turned so that the abdomen is dependent, the pressure increase 
cannula was m the lower part of the abdomen (Experiment 6- ) 
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abo^e atmospheric pressure (fig 6) Howe\er, in main of the animals 
the pressure fell to a subatmosphenc level at the height of inspuation 
(table 1) 

With the animal on its back, a shift to the \ertical head-up position 
caused a marked fall in the mtraperitoneal pressure m the uppei part 
of the abdomen and an increase of the pressure m the lower part of the 
abdomen These results were rexersed when the animals were put in 
a vertical head-down position 

In an animal weighing 9 Ivg , v hich u as eviscerated and the abdomen 
filled xMth xxatei, a similar shift in pressuie followed alteiations in posi- 
tion In the horizontal position a zero pressure xvas recorded in the 


Infiapenfoiica! Picssuie Faiiations with Relation to the Relative Positions of 
the Caiinnla and the Annual in Tliice Expeiuncnts, Expiessed in 
Mdlimetcis of Water 


Experiment 49 Experiment 54 Experiment 52 




Dog 47G, 

Wt SKs 

A 

Dog 530 

XXt 9 Kg 

Dog 203, XXt 19 Kg 


Position of 

' Mm 

Mm ' 

Mm 

Mm 

Mm 

Mm ' 

Position of 

Animal 

Inspi- 

Expi- 

Inspi- 

Expi- 

Inspi- 

Expi- 

Cannula 

(on Back) 

ration 

ration 

ration 

ration 

ration 

ration 

Epigastnura 

Horizontal 

— 47 

-f- 16 

— 20 

— 20 

— 35 

— 32 

Epigastrium 

Head up 

— 58 

•+ 89 

— 155 

+ 50 

— 67 

— 69 

Epigastrium 

Head down 

+ 49 

-t 87 

— 10 

-h 73 

•f 7 5 

-f 53 

Lower part of abdomen 

Horizontal 

— 25 

+ S 


-f- 20 

— SO 

•f 12 

Lower part of abdomen 

Head up 

-f- 103 

+ 1 

-f 34 

-f 130 

-f 125 

+ 137 

Lower part of abdomen 

Head down 

— 127 

— 100 

— 40 

— 38 

— 37 6 

-f 15 


epigastiiuin In the head -down position, the pressure was 108 min 
and in the head-up position — 32 mm ot iiater 

When the normal anesthetized animal was shifted to a lateral posi- 
tion with the cannula an) where in the central portion of the anterioi 
abdominal wall, the mtraperitoneal pressure increased The rise m the 
mtraperitoneal pressure was e\en more marked when the animal x\as 
turned completely over so that the abdomen was don n 

With the cannula m the left costovertebral angle and the animal on 
Its back, a positue intiapentoneal pressure was recorded The pres- 
sure decreased to a subatmosphenc value if the animal was turned so 
that the abdomen u as hanging dependent 

T/ic Effect of Abdominal Manipulations on the Intiapentoneal Pics- 
swe — Piocedures that restricted the movement of the anterior abdom- 
inal wall such as pressure of the hand on the abdomen, the application 
of an abdominal binder oi the inflation of the stomach or colon tended 
slightly to increase the mtraperitoneal pressure Howex er, the increase 
m pressure uas bareh sufficient to raise it above the atmospheric lex el 
xxhen measured m the epigastrium (fig S) 
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Pncumopeiitoucum — Following the injection of 100 cc of air, an 
immediate shift from subatmospheric pressure values to values cibo\e 
atmospheric prtssuie occurred Subsequent injections of air caused a 
slight but not proportional, increase in the intraperitoneal pressure 



Fig 8 — Chart shov mg effects of pressure on the abdominal wall, an abdominal 
binder, and of gastric inflation on intraperitoneal pressure The cross-bar indi- 
cates the mean intraperitoneal pressure before, and the arrow point the mean 
pressure after, the manipulation of the abdominal wall or inflation of the stomacn 



Fig 9 — Graph showing the effect on intraperitoneal pressure of repeated 
iniections of 100 cc of air into the peritoneal caMtj Xote the stationar\ pressure 
\aKes after the first 100 cc was injected 

(fig 9) Air m greater amounts than 100 cc per kilogram of bod) 
V eight could be injected into the peritoneal caMty before proportiona 
increases in the intraperitoneal pressure followed the additional injec 
tions of greater ^ olumes ot air 
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In the piesence of pneumoperitoneum, various manipulations of the 
abdominal wall or inflation of the stomach by an intragastric balloon 
caused more marked shifts m the intraperitoneal pressure than was 
found when the air was not present within the peiitoneal cavity (fig 10) 



Fig 10 — A kymographic tracing showing the effect of the intraperitoneal 
injection of 600 cc air in a dog weighing 9 Kg Note the effects of various 
changes in position and manipulation of the abdomen 



Fig 11 k\mographic tracing showing the slight effect that an abdominal 
binder has on the intraperitoneal pressure Note the rise of pressure when a 
binder and gastric inflation were carried out simultaneous]) Note the absence 
of respiratory excursions by this method 

COMMENT 

The pressure w ithin the peritoneal cavity is extremely variable The 
lelatue positions of the cannula and the trunk of the dog determine 
whether the intraperitoneal pressure x alue is greater or less than atmos- 
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phene pressure The pressure is greatest m the most dependent portions 
and lowest m the uppermost portions Our observations would tend to 
substantiate the conception of Krause^ that the h}-drostatic pressure ot 
the contents of the abdominal cavity together with the flexibility of a 
portion of the abdominal walls determine, for the most part, the pressure 
within the abdominal cavity The abdomen must be considered as an 
air-tight space so that, without outside communication, shifts in the posi- 
tion of the contained iiscera efitect a variation of the pressure in the 
upper portions of the peritoneal cawty This decrease in pressure is 
sufficient to maintain a value below atmospheric pressure in the uppei 
part of the abdomen with the animal m the horizontal or erect position 

In addition to the hydrostatic factoi of the movable viscera, the 
alteration m the size of the abdomen incident to the phases ot respiration 
IS the second most important factor in the consideration of mtraperi- 
toneal pressure In contradistinction to the reports of numeious other 
in'vestigators, we were unable to observe an increase m pressuie during 
inspiration with the animal breathing quietly in any position On the 
contiari, ue found that the mtrapentoneal pressure was lessened during 
inspiration and attained its greatest value during expiration We would 
conclude from this that the excursion of the costal arches and the 
increased distensibility (relaxation of the muscles) which occurs during 
inspiration more than compensates for the descent of the diaphragm 
Since the subatmospheric pressure m the uppei part of the abdomen is 
dependent on a sagging or “giving way” of the flexible walls below, 
it seems plausible that the relaxation of the abdominal muscles during 
inspiration is an important factor in the inspiratory decrease of pres- 
sure in the upper part of the abdomen 

The fact that the pressure within the peritoneal cavity decreases 
simultaneously with the decrease in intrapleui al pressure (during inspira- 
tion) suggests the close relationship between abdominal actmty and 
respiration It also suggests the possibility of interference with pres- 
sure variations above the diaphragm by the opening of the sealed cai ity 
below 

The abilit} of the abdominal walls and diaphragm to adjust them- 
selves to conditions tending to raise the mtrapentoneal pressure is 
shown by the minor shifts m pressure incident to the application of 
abdominal binders or distension of the stomach The fact that the mean 
mtrapentoneal pressure rarety exceeded atmospheric pressure even 
after gastric distention suggests the importance to respiratory and dia- 
phragmatic activity of the maintenance of subatmospheric pressures in 
the immediate subdiaphragmatic region 

The immediate shift in the mtrapentoneal pressure following the 
injection of small amounts of air and the very slow subsequent increase 
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Investigation of the quantity and position of the tissue in childien 
with cleft palate answeis the foiegoing hypothesis For }eais opinions 
haAe been expiessed to the effect that theie is a deficiency of tissue in 
cases of congenital clefts of the uppei pait of the face and jaw Broph}^ 
(1907) bi ought conti overs}'- when he said that all tissues aie present 
Since this statement was made, it has been lefuted bj'- opinions based on 
clinical estimates oi made on a few measuiements, taken foi the most 
part on the facial skeleton lather than diiectly on the palate 

The solution of this question, namel)'^ the amount and disposition 
of the tissue m the cleft palate, is essential to the selection of plans 
foi the suigical repaii of these clefts Fundamentally, there are thiee 
prmcip&l types of opeiation typified b 3 '^the operations of Krimei, Wairen 
and Biophy foi clefts of the alveolar piocess and palate, all of which 
haA'^e undergone maity modifications b}^ other suigeons The operation 
of Kiimei, bettei known as the flap opeiation of Lane, is similar to 
othei plastic flap opeiations m geneial suigery used to restoie defects 
which are due to loss of tissue The Waiien-i^on Langenbeck opeiation 

c 


Fig 1 

IS similai to other plastic operations perfoimed foi the lestoration of 
defects caused by separation, but without loss of tissue The Bioph}*- 
operation is based on the assumption that the cleft is due to lateral 
sepal ation of noimally developed tissue 

This study is undei taken with no attempt to piOAe any expiessed 
opinion or to suppoit a peisonal theoij 

LITERATURE 

THE NORMAL PALA J 1 

Quantitative giouth of the normal palate has been subjected to 
only superficial iua estigation Alkan measuied the width and length 
of the haid palate Avith a cahpeis and ealculated the height He took 
the diametei oi width (fig 1 AB) between the fiist and second premolar 
and also betw^een the fiist and second molar teeth from the inner marmn 
of the gum except in new-born children where onh one measurement 
of the wodth was taken and this at appioximatelv the middle of the 
aheolai pioccss Fiom this same point on each side of the aheolar 
piocess he took measurements AC and C/? ffig ]) \\here C is located 
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at approximately the centei of the arch of the palate The height of 
the palate CD was then calculated from the known values foi AC, CB 
and AB 

The material measuied b} Alkan included thirty-five infants from 1 
to 9 days of age and also one child 90 days old No tiend of giowth is 
demonstrated in these measuiements The aveiages weie as folloivs 
width, 2 7 cm , length, 3 2 cm , and height 1 2 cm He computed 
wudth-height indexes to compaie with siinilai indexes computed foi adult 


Table 1 — Dimensions of Palates of Child) en as Detei mined by Alkan 







Skull 



Palate 




Sox 















Age, 


-J. ^ 

Length, 

W idth, 

Width of 

Width, 

Length, 

Height, 

Days 

Male 

Female 

Cm 

Cm 

Face, Cm 

Cm 

Cm 

Cm 

1 


1 

117 

88 

70 

26 

34 

1 5 

1 

1 


121 

91 

73 

26 

31 

1 0 

1 


1 

11 9 

97 

71 

28 

3 4 

105 

1 


1 

12 0 

94 

72 

29 

3 4 

13 

2 


1 

97 

SO 

5 83 

2 1 

3 2 

08 

2 


1 

116 

90 

65 

25 

32 

12 

3 


1 

116 

95 

73 

29 

3 5 

1 3 

0 


1 

11 2 

83 

66 

26 

33 

13 



1 

12 0 

88 

71 

28 

30 

0 95 



1 

115 

93 

71 

27 

31 

1 4 



1 

119 

90 

71 

24 

3 4 

X 3 

O 


1 

11 S 

97 

69 

24 

29 

13 

i 

1 


10 7 

86 

64 

23 

31 

09 

i 


1 

12 0 

89 

68 

24 

33 

08 

4 

1 


116 

88 

72 

2 7 

31 

1 4 

4 

1 


ISO 

98 

73 

SO 

31 

11 

4 


1 

11 3 

85 

69 

30 

29 

1 0 

4 


1 

11 7 

92 

74 

28 

33 

1 4 

5 

1 


116 

93 

68 

31 

3 5 

09 

5 

1 


11 S 

93 

72 

29 

32 

1 3 

5 

1 


119 

90 

66 

20 

30 

1 1 

5 

1 


11 6 

86 

67 

28 

00 

1 3 

e 


1 

11 S 

93 

72 

26 

36 

1 2 

6 


1 

10 5 

76 

65 

2 5 

34 

1 1 

G 

1 


12 0 

90 

72 

26 

32 

1 o 

G 

1 


11 4 

SS 

72 

28 

83 

X o 


1 


12 2 

96 

73 

30 

33 

0 95 

L 

1 


11 7 

93 

7 5 

28 

30 

1 1 

s 

1 


119 

90 

67 

2 5 

32 

3 I 

s 
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11 7 

89 

69 

27 

30 

1 1 

s 

1 


131 

94 

72 

29 

35 

X 3 

s 

1 


T9 n 

10 4 

73 

30 

34 

1 3 

9 


1 

11 4 

91 

65 

20 

30 

1 0 

9 


1 

11 9 

89 

70 

26 

3 1 

X 3 

9 


1 

121 

96 

7 4 

29 

3 2 

1 3 

90 

1 


112 

87 

62 

28 

2 9 

1 1 


material and concluded that the palate of the new-born infant is rela- 
tively shoit and high His measurements are recorded in table 1 

Denzei took some measurements on the palates of children under 
1 }ear of age by making impiessions of the palate, and from these 
impressions he made dental casts kleasurements were read from the 
dental cast with the surveying apparatus of Stanton This surveying 
apparatus is an oithoscopic apparatus with which it is possible to locate 
and read the position of a point in three dimensions It is there ore 
used to make orthographic projections from models and for measuring 
elevations Foi width, Denzci took the widest point of the aheolar 
process, and for height the highest point of the arch of the palate 
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These are the same measurements which have been taken m the piesent 
investigation The results as determined by Deiizer are recorded in 
tables 2 and 2a The averages of his measuiements weie ^Mdth, 
30 9 mm and height, 8 79 mm 

W K Connell lead a papei betore the Anatomical Section of the 
Biitish Medical Association in 1922 on the “Form of the Palate in 
Children” He took an impiession of the uppei dental ai cades in 
plasticine and studied the variations in shape and determined in normal 
and abnormal conditions the changes which took place during growth, 


T'lBLn 2 — Dimensions of Palates of Child) cn as Dctei mined by Denur 



Greatest 

Greatest 


Greatest 

Greatest 


Width, 

Height, 


Width, 

Height, 

Age 

Mm 

Mm 

Age 

Mm 

Mm 

3 months 

32 5 

S7 

5 months 

32 0 

82 

4 neeks 

27 5 

80 

5 months 

30 5 

10 0 

4 weeks 

22 0 

SO 

5 months 

30 0 

SC 

12 days 

30 0 

11 3 

5 months 

2S5 

90 

0 weeks 

28 5 

SO 

6 months 

31 5 

97 

6 weeks 

30 0 

09 

6 months 

30 5 

so 

0 weeks 

30 5 

9G 

C months 

28 5 

72 

7 weeks 

2»0 

74 

7 months 

31 5 

77 

2 months 

2S0 

9 0 

7 months 

30 0 

87 

2 months 

27 0 

77 

7 months 

32 0 

SI 

2 months 

310 

101 

8 months 

33 5 

83 

2 months 

2S5 

75 

S months 

315 

99 

3 months 

82 0 

74 

9 months 

35 0 

SO 

3 months 

33 5 

87 

9 months 

32 5 

7 1 

4 months 

33 0 

97 

10 months 

36 0 

93 

4 months 

32 0 

94 

11 months 

30 0 

95 

4 months 

30 0 

87 

11 months 

34 0 

94 

4 months 

340 

9 3 

11 months 

33 0 

81 

4 months 

S2o 

10 0 





Table 2a- 

-Avciage Dimensions af Diffcicnt Ages 



Kuraber of 

Greatest 

W idth, 

Greatest 

Height, 

Age 

Cases 

Mm 

Mm 

1 to 3 months, mdusive 

13 

29 4 

87 

4 to G months, mclusire 

12 

310 

90 

7 to 11 months, mclusire 

11 

02 G 

85 

41! children under 1 year 

29 

30 9 

8 89 


also the relation of the size of the arch to the state of deielopment of 
the child He found that, “Theie w^as no connection between the size 
of the child and the shape of the palate, nor w^as there any alteration 
m the arcade m children wuth adenoids ” 

Busei measured the width, height and length of the palate m 514 
pel sons all of whom were oier 15 lears of age He used special 
instruments, wuth which he took readings directlj from the palate, 
without the use of impressions or casts Two measurements of wadth 
weie taken one at the fiist premolar tooth and the othei at the first 
molar tooth Height was taken as the highest point of the arch of the 
palate m i elation to the occlusue surface of the teeth Length of the 
palate was taken as a direct line measurement from the space between 
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the medial incisors in fiont to the posterioi edge of the hard palate 
Division according to sex ^\as made m all of his tables, and still fmther 
dnisions accoidmg to age weie made m some of his tables The data 
on pel sons fiom 15 to 17 yeais of age aie included m one tabic, and 
on all above this age aie included m the second table The male palate 
m each of its dimensions is approximate!}'- 1 mm gieatei than those 
of the female, accoidmg to his obsei vations, and theie is a slight 
inciease in size aftei the fifteenth }ear The appioximate dimensions 
of the adult palate taken fiom the tables of Busei aie as follows 
width (at fiist molai). 48 mm , height, 21 mm and length, 54 mm 
Table 3 is copied fiom Busei 

Shaw measuicd the width, height and length of the palate m adults 
His lesults weie height 14 2 mm , length, 50 8 mm, and width (at 
first molar), 35 5 mm 

Table 3 — Ditncnswn^ of Palates as Dctci mined by Busei 


Males 


FomaJes 


Age of Individunls 


No Oases 

Ai orage 

No Cases 

Average 

Measured 

Dimension 

Measured 

Size, Mm 

Measured 

Size, Mm 

15 lears of age and over 

Palate ividtli, first premoHr 

257 

07 5 

257 

30 0 


Palate nidth, first molar 

213 

48 0 

180 

40 9 


Palate height 

257 

210 

257 

20 2 


Palate length 

254 

54 7 

257 

62 7 

15 to IT years of age 

Palate width, first prcmolar 

17 

37 7 

75 

35 7 


P date width, first molar 

12 

47 9 

53 

40 0 


Palate height 

17 

20 8 

75 

19 0 


Palate length 

17 

53 2 

75 

52 S 

18 j ears of age and over 

Palate width, first premolar 

240 

37 4 

182 

SOI 


Palate \udth, first molar 

201 

43 0 

133 

47 2 


Palate height 

240 

21 7 

182 

20 4 


Palate length 

237 

54 8 

182 

52 7 


Gustav Fi alike measuied a laige senes of palates at difteient ages 
The width of the palate, measuied at the posteiior border of the first 
molai tooth, as determined by Fianke is as follows 2 to 7 yeais, 
41 1 mm , 8 to 13 }eais, 45 9 mm , 14 to 21 yeais, 48 mm , 22 to 
29 }eais, 49 4 mm , 30 to 50 lears, 50 2 mm The length of the palate, 
according to Fianke’s figuies, was 26 8 mm at birth and 52 8 iniii 
in the adult, oi approximately a twofold mciease between birth and 
maturity 

THE MALDEVELOPED PALATE 

Quantitative studies of growth and of the amount and disposition of 
tissue m the cleft palate aie meager, but there are many opinions based 
purely on clinical obsei vation oi on the writings of others 

The measuiements which ha\e been taken to estimate the quantiti 
of tissue 01 the spread of tissues m the palate have for the most part 
been taken indirectly , eithei skull measurements W'ere taken to deteriiunc 
the breadth of the facial portion of the skull, or to determine tlie is 
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tance between the hamulai piocess, or between other similax bom 
points of the facial skeleton These measurements ha^e been made 
laigely on the maceiated skull lathei than on the living child 

Some measurements made b\ Kirkham on skulls m the Hunterian 
:\luseum of London are given m table 4 The greatest abnormaht} m 
dimensions of cleft palates according to these figuies, is in the distance 
between the hamulai processes 

Skull measurements made hi Waidill on museum specimens with 
and wnthout cleft palate, togethei wnth similai measmements taken h\ 
Veau and quoted b} Waidill are lecorded m table 5 Wardill concluded 
fiom these mea'^uiements of the bom paits that theie is associated with 


Table 4 — Slull Dimaisiotts as Detei iinncd by Kvkham 


Distance Betireen 
Posterior 
Palatine 
r'oraimua. 

Distance 

He tween 
HamuHr 
Proctssec 

Distance Prom 
Hnmulnr Process 
to Posterior 
Palatine loramma, 

Distance 

Beta een 
Tuberosities, 

■^ge 

\tni 

NIm 

Jim 

5Im 

Noriinl children 

Birth 

17 5 

ISO 

CO 

27 0 

2 months 

19 5 

22 0 

J J 

30 0 

10 months 

20 0 

ns* 

ns 

30 5 

8 months 

2^^ 0 

22 5 

7 5 

293 

12 months 

no 

23 0 

90 

33 3 

19 months 

22 5 

ns 

ns 

35 0 

2 tears 

215 

ns 

ns 

83 0 

1 cars 

23 0 

ns 

ns 

37 5 

2% j ears 

235 

24 5 

90 

37 0 

3 t c irs 

22 0 

24 0 

90 

37 5 

3*4 j cars 

22 5 

27 0 

10 0 

% 7 

4 tears 

22 0 

29 0 

12 0 

j9 0 

J ^ea^s 

25 0 

27 5 

12 0 

30 0 

534 years 

15 0 

28 0 

110 

"7 5 

0 3 cars 

22 5 

ns 

ns 

37 *> 

S jeirs 

27 0 

32 0 

120 

40 0 

Normal 

At crage adult 

0 

0 

34 0 

120 

54 0 

ekft palate 

Adult 

40 0 

41 0 

120 

54 5 

Niibiiin It Oman 

10 0 

40 0 

10 5 

53 0 


' IlaimiHr process nii"ing anil therefore mn=uroinont was not ttLen 


cleft palate a small but definite inciease m the tiansieise diametei of 
the na^ophannx 

I /aid has detei mined that there is a lather constant lelationship m 
the adult between the tiaiisierse diameter of the palate and the bizygo- 
matic diameter of the facial poition of the skull This relationship is 
appioximateh 1 2 but it apparently does not hold for infants m which 
the bizNgomatic distance is cemsiderably less than twace the transverse 
diametei of the palate The transecisc diameter of the palate and the 
bi/\gomatic diameter ol the skull as determined b\ Ruppe are included 
in table 6 Ruppe concluded that for infants these measurements of 
skulls with cleft palate aie quite similar to those of normal skulls and 
theiefore that theie in no cMdence of Ncparation of the luaMlla m the 
eleft palate 
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Superimposing tiacings of the alveolar cuives of the maxilla and 
mandible, J E Thompson concluded that the maxillary tuberosities 
have not been much displaced in cleft palate, since he found the maxil- 
lary piocess at this point seldom more than 1 mm greater than that 


Table 5 — Measiuemcnts Compiled by Waidill 


Nasion to 

Transverse 

Transverse 

Nasion to 

Transverse 

Transverse 

Occipital Point, 

Diameter, 

Hamuli, 

Occipital Point, 

Diameter, 

Hamuli, 

Mm 

Mm 

Mm 

Jim 

Jim 

Mm 

180 0 

15" 0 

S3 3 

176 0 

148 0 

35 0 

162 0 

149 0 

43 0 

171 0 

133 0 

28 0 

156 0 

133 5 

32 0 

160 0 

133 0 

33 0 

127 0 

117 0 

27 0 

1510 

124 5 

23 0 

123 0 

103 0 

24 0 

148 0 

124 0 

26 0 

122 0 

1010 

24 5 

133 5 

117 0 

23 5 

1210 

102 0 

310 

120 0 

92 0 

210 

117 0 

111 0 

310 

112 0 

90 0 

18 5 

1010 

82 0 

23 0 

107 0 

84 0 

22 0 

100 0 

94 0 

26 0 

103 0 

90 0 

19 0 

93 5 

88 0 

24 5 

99 0 

82 5 

19 5 

93 0 

83 0 

25 0 

96 0 

82 0 

17 5 

*GlabeIla to 



*61abella to 



Occipital Point, 



Occipital Point, 



Mm 



Jim 



175 0 

128 0 

41 0 

178 0 

149 0 

34 0 

187 0 

150 0 

42 0 

190 0 

147 5 

36 0 

187 0 

145 0 

43 3 

195 5 

191 5 

32 5 

169 0 

125 0 

39 5 

180 0 

1410 

30 0 


* Glabella to occipital point substituted hero tor nasion to occipital point distance because 
in the skulls ivith cleft palate a large part of the calvarium had been removed 


Table 6 — Skull Dimensions as Defei mined by Ruppe 


Skulls of norm'll infants 


Skulls of infants u ith cleft palate 


Transverse 
Diameter of 
Palate, 
Mm 

14 
16 
17 
17 

15 
19 
21 
23 
27 

27 

28 
33 
33 
33 

60 

43 

45 

32 

43 

40 

47 

50 


Bizygomatic 

Diameter, 

Mm 

23 

26 

26 

SO 

30 

33 

34 
46 

44 

45 
48 

56 

57 
62 

100 

85 
70 
73 

86 
60 
92 
82 


Twice the 
BimaviHary 
Distance, 
Mm 
28 
32 
34 
34 
30 
38 
42 
50 
54 
54 
56 
66 
60 
70 

120 

96 

90 

64 

SO 

80 

94 

100 


of the mandible, but the most piomuient cune of the alveolar processes 
he found 2 oi 3 mm displaced or spread 

Trendelenburg concluded that the facial portion of the skull is 
nider than normal when the palate is cleft He took measurements on 
the width of the choanae, the distance between the mfia-orbital foramen 



PEYTON—GROU'TH OF PALATE 


711 


and between the z} gomaticomaxillar} suture of each side on skulls with 
and rrithout cleft of the palate, and found that these dimensions are 
gieatei in persons \\ith cleft palate 

Alex Lmdberg stated that measurements of normal patients and 
patients ^\lth cleft palate demonstrate the mesophaijnx to be from 
0 5 to 1 5 cm greater m the latter 

Opinions based m part or entirel}'- on observation, rather than 
measurement, aie found in the hteiatuie on maldevelopments of the hp 
and palate These opinions are readily divisible into two groups com- 
pletely at variance with each other In one gi oup are those who behe\ e 
that all the tissue is present, and in the othei are those who believe there 
IS an actual deficiency of tissue due to deficient derelopment, arrested 
growth or atrophy Outstanding among the former and apparently the 
first to press this opinion w'as Broph);^ (1907), wdro maintained that 
children wdio have congenital malformation of the palate, wnth rare 
exceptions, have the normal amount of tissue m the palate Brophy 
maintained that when the margins of the cleft have been brought into 
contact, the upper jaw is then restored to its noimal breadth and to its 
proper relation to the low'^ei jaw'^ There are few’’ exceptions, and he 
further said that othei waiters have been unconscious of the fact that 
as a rule the bones aie not deficient m structure or incomplete m 
development 

Veau also expressed the belief that the parts aie normal, or if less 
than normal, that they have betw'’een them the ability to reproduce the 
normal amount of palate tissue He stated that they are developed as 
a normal palate, but that it becomes abnoimal only because of lack of 
coalescence 

The opinion of the majority falls in the second group, wdnch holds 
that there is not a noimal amount of tissue in the cleft palate 

Aithui Keith (1909) quoted Brophy to the eftect that there is no 
deficienc) in the tissue of the cleft palate But Keith stated that this w’as 
not the case in the specimens that he had examined He examined the 
palates of thiee adults with clefts and found the clefts on the arerage 
20 mm wade , the arcrage breadth of the palate was 64 mm , and this, he 
said demonstrates that the bonr parts of these palates were from 
10 to 15 mm less than noimal In new-born children, according to 
Keith, the deficienc} aftects the inner or marginal area of the palate but 
It docs not amount to more than 3 mm on each side He admitted 
that he is not able to sa} whether or not the cleft continues to increase 
alter biith, but judging fiom the width of the cleft of the adult palate, 
he concluded that thc\ do not continue to separate at the rate after 
biith that ther did before birth 

Winteinitz is of the opinion that the hahes of the cleft palate are 
ludnnentarr and that their lelatne growth is not in proportion to that 
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of the oiopharyngeal cavity, wheiefoie in later years the cleft is not 
only widei, but that this lack of development causes a relatively short 
soft palate after lepaii, and theiefore is the cause of poor speaking 
function aftei repaii He is of the opinion that this lack of develop- 
ment m relation to the skull is especially marked in the soft palate 
According to Trendelenburg, there is a lack of normal development 
not only of the palate on the side of a unilateial cleft, but the growth 
of the entire jaw on this side is retarded Failuie to recognize the 
short side of the alveolar process as a part and not a complete half of 
the process is apparently the basis of this opinion 

El nest Frazer said there is no question that an extia protiusion of 
the frontonasal region and elongation of its septal portion does occur, 
but it is possible that a certain amount of the appearance of protrusion 
IS leall} due to a deficiency of the maxillary mass placed beside it 
He IS of the opinion that “accurate measurements, howerei, under 
many conditions are necessary in quantity ” 

'\^^ardill, in speaking of the cleft palate, said, that there is less than 
the normal amount of soft tissue, and that this has been used to 
budge an abnormally wide nasopharjmx J F Esser said that one 
should not forget that there is practically always a deficit of material 

COLLECTION OF DATA 
MEASUREMENTS TAKEN 

The data consist essentially of two parts (1) general body and 
head measurements and (2) palate measurements Weight and stand- 
ing and sitting height were the geneial body measurements taken 
Tv ent 3 >'-thiee head measurements were taken, but are not all incoi po- 
inted in this lepoit, seven of these head measuiements weie bilateral 
Crown-heel length and fronto-occipital diameter are the onh bod} and 
head measuiements used in this report The body and head measure- 
ments were taken in the usual manner Details of procedures in obtain- 
ing those used in this study are given in the following paragraphs 
Special technic for obtaining palate measurements were worked out 
the details of which are subsequently given 

METHOD OF OBTAINING MEASUREMENTS 

The crown-heel length was taken with the Martin anthropometer, the straight 
attachments being used, and the frontal-occipital diameter was taken with klarfin 
cur^ed arm calipers 

All the measurements on the palate were taken from dental casts and dental 
molds Kerr perfection impression compound w'as used to make these denta 
casts A dental tray could not be found on the market small enough to use in 
the first jear of life To obtain a suitable tra\, an impression was made of the 
upper jaw^ of a new-born infant, and a dental tray w'as made up from this 
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The impression compound \\as softened m i\arm water and applied to the 
palate on the dental traj cold water on a sponge w^as applied to harden the 
material quickh before its remoeal from the mouth These impressions were 
flowed up m dental plaster of pans in the usual manner to obtain a plaster ot pans 
mold (dental cast) of the palate One of the most dilfcult points to determine 
was the medul edge of the palate plate in cases with deft As a inlc, howeeer, 




Fig 2 — ^Method of taking the surface width and lieight of the noinial palate 
In A, the lead foil is applied at the wndest part of the aKeolar process to obtain 
the surface width of the palate F is a cross-section of the palate to show" the 
method of measuring the height of the palate a show's measurement at the 
liighest point of the aheoiai process 



Tig 3— Measures taken for the normd palate a, the w'idest transeerse 
diameter of the palate measured to the highest point of the aheolar process (b) , 
c, the chord of the aheolar process 

this was well dennrcited be a line representing the transition from the squamous 
epithelium of the oral caMti to the ciliated epithelium oi the nasd ca\it\ 

lour dimensions eommoii to both the normal md inaldei e'oped palate were 
taken iiui m addition the width of the cleft was read in the maldc\ eloped palates 
Tho-e common to both the normal and the ciett palate were (1) widest trans- 
verse diameter (2) siiriaee width oi palate fi) hemht oi palate and (4) the 
ehord oi the alveolar procev^ which is reitrred to in the te\t as the lemith ot 




Fig 4 — Instrument used for taking measurements on the palate a indicates 
the blade used for measuring the width of the cleft, and b, the sliding bar used 
for measuring the height of the palate 



Fig S — Method of taking the surface width and height of the palate in uni- 
lateral clefts of palate In A, Szv indicates the surface width of the palate, 

X-f y 

Swl -f Sn 2 = total Sw B is a cross-section of the palate, = height of 

palate 2 


I' if iW 










Svu 1 5ui 2. 

Fig 6 —Method of taking the surface width and height of the palate m 
bilateral clefts of the palate In A, Sw indicates the surface width of the pahtCj 

X-f Y 

S^vl 4. Sw'2 = total Sw' Fisa cross-section of the palate , - =height 01 
palate ^ 
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alveolar process The method of taking these measurements m the normal palate 
IS illustrated in figures 2 and 3, and for the cleft palate in figures 4, 5, 6 and 7 
In general, the descriptive name designates what these measurements are, but 
the eiid-points utilized and the exact method of taking them is as follows The 
widest tiansverse diameter of the palate was taken in approximately the coronal 
plane, using the middle of the alveolar process as end-pomts The surface width 



Fig 7 — Measures taken for the widest transverse diameter, length of the 
alveolar process and the width of the cleft in unilateral clefts of the palate In 
A, a + b, and c indicates the chords of the alveolar process , d, the widest trans- 
verse diameter of unilateral cleft palate In B, a indicates the alveolar process 
of the palate, b, the plate of the palate, and c, the method of measuring the width 
of unilateral cleft palate 



Fig 8 — Pleasures taken for the widest transrerse diameter, the length of the 
ah eolar process and the width of the cleft m bilateral clefts of the palate In 
a + b indicates the chord of the alveolar process, and c, the widest transverse 
diameter of a bilateral cleft palate In B, a indicates the alveolar process of the 
palate, b, the plate of the palate, and c, the method of measuring the nidth of 
a bilateral cleft palate 


of the palate was taken in approximately the same coronal plane as the videst 
transrerse diameter and with the same end-pomts but in the following manner 
Thin sheet lead was cut into strips from 1 to 2 mm mde, and this strip pressed 
firmly against the palate so that it assumed the shape of the palate surface includ- 
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mg all Its irregularities After the strip had been so pressed into position, it was 
cut at the end-points of the measure, that is, where the strip passed over the mid- 
portion of the alveolar process The strip was then removed, pressed out on a 
flat surface to remove all irregularities, and with a calipers this straight piece of 
metal was measured This dimension is referred to as the surface width of the 
palate In the cleft palate, two strips were used, one for each plate of the palate, 
and here the end-pomt for the medial edge of the plate was taken at the point of 
transition of the squamous epithelium of the oral cavity into the ciliated epithelium 
of the nasal cavity 

The height of the palate nas taken b} placing a rigid metal bar across the 
palate at its deepest portion, and the distance from the upper surface of this metal 
bar to the deepest point of the mold was read The width of the transverse bar 
was subtracted from this reading and the remainder taken as the actual height of 
the arch of the palate A true curvelinear measurement of the length of the 
aheolar piocess was not taken, but instead a straight line measurement, tbe arc 
of the alveolar process was measured to estimate its length It was taken from 
the midpoint anteriorly to the posterior end of the alveolar process on each side 
The measurement for each side was recorded separatel}', but the average of both 
sides has been used m this analysis This measurement could not be taken 
directl 3 ’- on the short side of the unilateral clefts, nor directly on either side of the 
bilateral cleft, but was, m the unilateral cases, taken as the sum of the short side 
plus one-half the width of the premaxilla, and m the bilateral clefts as the length 
of one side plus one-half the premaxilla The width of the cleft was taken with 
a calipers as illustrated m figure 3, at the point of the widest separation of the 
medial edge of the plates of the palate 

SELECTION or MATERIAL 

The material consists essentially of two groups, namely, normal children and 
maldeveloped children, each group corermg approximately the same growth 
period 

Ninety-one normal children are included m this material, fifty-one of whom are 
females and forty are males This division as to sex was entireljr chance since 
no attempt was made at selection In age they ranged from a new-born (prema- 
ture) infant to a child 362 days of age and in length from 45 7 cm crown-heel 
length (a premature infant) to 75 7 cm crown-heel length All were presumably 
normal children They were obtained from (1) the Out-Patient Dispensary at the 
University Hospital, (2) the Infant Welfare Clinics of Minneapolis, (3) larioiis 
homes for illegitimate children and (4) hospital boarders Ph 3 'Sicall}" abnormal 
children were not accepted for measurement 

In collecting the maldeveloped material, onb' children with complete clefts of 
both the alveolar process and hard and soft palate (that is, group III according 
to the Ritchie-Davis classification) were accepted One exception to this general 
rule was made , this was a chid with a complete unilateral cleft of the Iip and 
process, but iMth a normal hard palate and soft palate Tuenty-six abnormal cases 
were obtained, and two of these were measured twice, nith an interval of seiera 
A\eeks between measurements This makes a total of twenty-eight sets of mca 
sureinents, and represents the material coming to the University Hospital between 
January, 1928, and March, 1930, and in addition, eight others who were during 
this period prnate patients of Dr Ritchie Included in this abnormal materia 
are six females and tw'enti males AarMng m age from a premature m ant to 
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child 425 days of age and in length from 47 5 cm crown-heel length (a premature 
infant) to 75 1 cm crown-heel length The maldeveloped material is listed in 
table 7 The arrangement of this table is according to increasing crown-heel 
length, for the males, and females, respectively 


DATA LISTED 

All data are listed in table 8 Division of the material is here made into 
normal and maldeveloped children, and each of these groups are divided according 
to sex The order of listing is according to increasing crown-heel length Age m 
dajs and weight m grams are included in this table, although they were not 
utilized m the present analysis of this material 


Table 7 — Maldeveloped Cliddien 


Crown heel 

Age, 

Length, Cm 

D5JE 

47 5 

11* 

50 0 

10 

50 3t 

3 

50 9 

58 

51 4 

42 

516} 

16 

517 

47 

52 0 

47 

521 

28 

52 St 

25 

52 7 

40 

53 6t 

40 

56 8 

50 

56 9 

121 

56 9 

21 

57 0 

71 

57 8 

89 

59 0 

76 

59 2 

101 

59 5 

no 

03 4 

190 

751 

391 


52 2 

41 

52 8 

71 

589 

81 

59 7 

93 

63 7 

240 

661 

180 


Description of Lesion 
Males 

Bilateral complete cleft of lip, process and palate 
Bight complete cleft of lip, process and palate 
Bilateral complete cleft of lip, process and palate 
Left complete cleft of lip, process and palate 
Left incomplete cleft of lip complete cleft of process and palati 
Right incomplete cleft of lip, complete cleft of process and palate 
Right unilateral complete cleft of lip, process and palate 
Right unilateral complete cleft of lip, process and palate 
Bilateral complete cleft of lip, process and palate 
Bilateral complete cleft of hp, process and palate 
Bilateral complete cleft of hp, process and palate 
Right complete cleft of lip, process and palate 
Left incomplete cleft of lip and process, complete cleft of palate 
Right complete cleft of lip, process and palate 
Loft complete cleft of lip, process and palate 
Right complete cleft of lip, process and palate 
Left complete cleft of lip and process, incomplete cleft of palate 
Bilateral complete e'eft of lip, process and palate 
Right incomplete cleft of lip, complete cleft of process and palate 
Bilateral right complete cleft of hp, process and palate, left mcom 
pletc cleft of lip, process and palate 
Left complete cleft of hp, process and palate 
Left complete cleft of hp, process and palate 

Females 

Right incomplete cleft of hp, complete cleft of process and palate 

Bilateral complete cleft of hp, process and palate 

Left complete cleft of 1 p, process and palate 

Left incomplete cleft of lip, complete cleft of process and palate 

Right complete cleft of hp, process and palate 

Left complete cleft of hp, process and palate 


Premature infant 

+ and t, same child measured a second time 


ANALYSIS OF DATA 

TEST FOR NORMALITY 

It IS, of couise, essential that the dimensions of the cleft palate be 
compaied with the dimensions of the palate m normal children of 
approximately the same size To check this, all the material, both nor- 
mal and abnormal, was compared with a much larger series of normal 
childien (approximately 600) collected b}’- Dr L Richdorf They were 

1 Richdorf, L \ Quantitatne Studt of Growth of the Normal Infant in 
the First Year, unpublished thesis for degree of Doctor of Philosopln, Unnersitv 
of Alinnesota 




Table 8 — Table of Data 


Crown 

Heel 

Length, Age, 

Cm Days 


Weight, 

Gm 


49 0 
49 2 
49 S 
51 5 

51 7 

52 1 
52 6 
52 7 

52 9 

53 4 

53 7 

54 2 
54 S 
54 0 
56 6 

56 8 

57 9 

58 9 

59 0 
59 0 
59 3 

59 9 
601 

60 4 

60 5 

61 7 

62 9 

63 6 
641 
651 
65 7 

65 7 

66 6 
66 8 

67 0 

68 0 
69 0 
69 3 
72 5 
76 4 


1 

16 

4 
16 
14 
53 

0 

0 

5 
66 
20 

36 

37 
48 
86 
87 

124 

119 

136 

45 

105 

113 

101 

93 

140 

141 
123 
135 
219 
198 
141 
16S 
225 
179 
286 
313 
238 
330 
259 


3.020 
3 355 
3,015 
3,115 
3,484 
3,555 
3,975 

3.760 
3,150 
4,105 

4.020 
3,960 
4,000 
4, '•05 
4,945 
4,845 

4.760 
6170 
5,675 
5,595 
5,429 
6,790 
4,7'^0 
6,505 
5,670 
7,045 
6,255 
6,805 
6,275 
8,840 
7,300 
7,810 
6,700 
8,630 
7,850 
7,571 
9,695 
8,625 

10,433 

9,800 


Pronto 

AVidest 

Transverse 

occipital 

Diameter of 

Diameter, 

Palate, 

Cm 

Cm 

Males (Normal) 

11 1 

3 00 

12 3 

3 20 

12 0 

3 25 

117 

3 27 

117 

3 38 

12 6 

3 30 

12 5 

3 20 

11 2 

3 40 

12 2 

3 40 

121 

3 45 

12 5 

2 90 

12 6 

3 00 

13 5 

3 42 

131 

3 45 

117 

3 35 

3 32 

12 7 

310 

13 3 

3 60 

12 6 

3 20 

13 8 

3 50 

13 8 

3 60 

118 

3 50 

13 4 

3 35 

13 8 

3 42 

13 3 

3 55 

14 0 

3 40 

13 4 

3 42 

12 7 

3 60 

33 2 

3 40 

15 3 

3 40 

Id 4 

3 60 

3 70 

12 6 

3 70 

14 2 

3 60 

12 8 

3 60 

14 0 

3 60 

14 5 

3 70 

15 2 

3 00 

15 4 

3 40 

161 

3 60 


Actual 
Surface 
Width of 
Palate, 
Cm 


3 50 
3 90 
3 90 
3 80 
3 81 
3 00 
3 70 
3 80 

3 85 

4 00 
3 40 

3 70 

4 00 
4 20 
410 
3 90 

3 80 

4 20 
4 30 

3 65 

4 30 
4 25 
4 00 

3 80 

4 35 
4 00 
4 22 
4 00 
4 02 

3 90 

4 17 
4 40 
4 SO 
4 32 
4 50 
4 20 
4 60 
4 35 
4 25 
4 05 


Height 

of 

Palate, 

Cm 


0 72 
0 93 
0 97 
0 94 
0 96 
0 9S 
0 81 
0 81 
0 80 
0 80 
0 71 
0 94 
0 86 
0 85 
0 96 
0 87 
0 93 
0 91 

0 85 

1 00 
0 93 
104 
0 86 

0 79 

1 01 
0 91 
1 12 
0 72 
0 84 
0 76 
0 95 
0 96 

0 94 

1 00 
1 17 

0 99 
107 

1 00 
100 
0 72 


Length 

of 

Ah eolar 
Process, 
Cm 


2 90 

2 98 

3 05 

2 70 

3 07 
3 25 
3 00 

317 
2 98 
290 

2 70 

3 05 
3 15 
328 
3 20 
310 

2 78 

318 

3 00 
3 05 
3 28 
3 25 
SIS 
3 28 
3 35 
3 25 
3 38 
3 25 
3 53 
3 24 
317 
3 55 

2 95 

3 36 
8 00 
3 41 
3 58 
3 20 

2 85 

3 33 


45 7 

48 8 

49 3 

50 0 
50 2 
50 4 
518 
52 5 
52 7 
531 
531 
55 2 
55 4 

55 6 
561 

56 3 

56 3 

57 3 
57 5 

57 9 

58 2 

58 5 
587 

59 0 

59 5 

60 3 

60 5 
60S 
610 
611 
617 

61 S 

61 9 

62 0 


Females (Normal) 


10 

12 

10 

29 

3 

10 

10 

40 

66 

35 
32 

36 
47 
60 
63 

158 

68 

51 

91 

S3 

82 

85 

83 

75 

143 

99 

79 

106 

152 

90 

134 

162 

109 

68 


2,380 

2,885 

3,640 

3,220 

3,050 

2,900 

3,230 

3,850 

3,925 

3,783 

3,630 

3,769 

3,945 

4,645 

5,215 

5,475 

5,144 

5,600 

5,130 

5,157 

5,606 

6,105 

5,016 

6,350 

5,820 

4,663 

5,298 

6,255 

4,990 

5,490 

6,350 

6,090 

5,403 


11 1 
II 7 

11 7 

12 5 
11 5 

11 4 
116 

13 7 

12 4 
12 6 

11 5 

13 0 
121 

12 4 

13 2 
12 8 

12 5 

13 0 

14 2 
13 4 
12 4 
12 3 

12 5 
12 6 
12 2 
141 

13 0 

14 8 

12 7 

13 8 

13 8 

14 4 
13 5 


2 75 

3 20 

290 

3 30 

3 50 

3 60 

300 

3 80 

300 

3 60 

310 

3 65 

310 

3 50 

3 45 

3 80 

2 81 

3 45 

2 90 

3 30 

20 

3 72 

3 00 

3 71 

3 30 

3 85 

310 

3 90 

3 05 

3 65 

3 32 

4 40 

3 20 

3 65 

3 30 

4 00 

3 40 

4 00 

3 20 

4 00 

300 

3 70 

3 50 

4 10 

3 30 

3 90 

310 

3 92 

3 32 

3 90 

3 30 

4 20 

3 05 

3 90 

3 65 

4 10 

3 25 

4 00 

3 30 

4 00 

3 35 

3 83 

3 70 

4 40 

3 20 

3 87 

3 40 

4 25 


0 84 

2 70 

0 72 

3 03 

0 83 

3 00 

0 85 

2 90 

0 80 

2 78 

1 04 

2 73 

0 77 

2 93 

0 84 

3 03 

0 87 

2 71 

0 72 

3 00 

0 81 

311 

113 

2 85 

0 87 

3 23 

0 97 

2 93 

0 84 

3 23 

0 90 

3 IS 

0 82 

2 82 

0 91 

3 28 

0 97 

3 30 

0 94 

310 

0 97 

3 03 

0 92 

2 97 

0 99 

3 20 

0 97 

3 02 

0 91 

3 43 

111 

3 43 

1 11 

2 83 

0 90 

"2$ 

0 90 

3 10 

0 91 

3 21 

0 89 

3 11 

107 

328 

0 97 

3 44 

1 09 

SOS 
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compared according to crown-heel length in relation to da 3 "S in age, 
using graphic methods The curves of Richdorf’s data drav n through 
the mean for each month is depicted in figure 9 for the males, and in 




T^BLr 

8 — Table of Data 

— Continued 







U idest 

Actual 


Length 

Crown 



Fronto 

Transverse Surface 

Height 

of 

Heel 



occipital Diameter of Width of 

of 

Alveolar 

Length, 

Age, 

Weight, 

Diameter, Pilate, 

Palate, 

Palate, 

Process, 

Cm 

Days 

Gm 

Cm 

Cm 


Cm 

Cm 

Cm 




Females fNormal) — Continued 



62 7 

115 

6,000 

14 0 

300 


4 00 

113 

3 25 

63 7 

176 

0,718 

14 0 

3 50 


4 25 

0 94 

3 25 

64 4 

259 

7,(25 

15 2 

3 40 


4 10 

100 

3 25 

64 5 

100 

0,713 

13 0 

3 42 


4 00 

0 86 

3 44 

64 8 

203 

8,210 


3 21 


3 70 

0 74 

3 20 

65 7 

213 

6,980 

13 6 

3 60 


4 20 

1 04 

3 48 

66 9 

241 

7,520 

14 4 

3 40 


3 92 

1 OS 

3 25 

680 

325 

8,200 

14 2 

3 70 


415 

0 93 

3 05 

68 2 

188 

7,199 

14 9 

3 20 


3 90 

088 

3 40 

685 

278 

7,810 

14 7 

3 50 


4 15 

0 94 

3 48 

691 

283 

8,130 

13 7 

3 60 


4 40 

1 06 

3 55 

70 0 

272 

8,725 

15 o 

360 


4 20 

1 05 

3 55 

70 2 

238 

7,965 


3 22 


4 00 

1 00 

3 35 

70 7 

282 

8,630 

14 5 

3 35 


4 15 

0 91 

2 95 

71 5 

344 

8,190 

15 8 

3 55 


4 35 

1 11 

3 60 

73 8 

315 

9 010 

14 0 

3 85 


4 52 

111 

3 25 

75 5 

362 

10,020 

14 7 

3 75 


4 55 

1 11 

3 26 





Widest 

Actual 

Length 


Crown 



Fronto 

Transverse Surface Height 

of 

Width 

Heel 



occipital 

Diameter V/idth of of 

Alveolar 

of 

Length, 

Age, 

Weight, 

Diameter, 

of Palate, Palate, 

Palate, 

Process, 

Cleft, 

Cm 

Days 

Gin 

Cm 

Cm 

Cm 

Cm 

Cm 

Cm 




Hales (Maldeveloped) 




47 5 

11 

2,815 

111 

3 70 

310 

1 26 

3 30 

179 

50 0 

10 

3,325 

12 5 

4 20 

3 20 

1 23 

2 75 

179 

50 3 

3 

2,900 

114 

3 80 

3 90 

117 

300 

140 

50 9 

58 

0,2-$ 

12 2 

3 60 

3 70 

1 21 

3 00 

1 09 

514 

42 

3,205 


400 

3 20 

1 24 

3 05 

120 

51 6 

16 

3,210 

11 7 

3 70 

3 60 

1 20 

2 95 

0 96 

517 

47 

4,200 

12 6 

410 

4 30 

1 54 

2 95 

0 93 

52 0 

47 

3,729 

12 0 

4 20 

3 55 

126 

3 20 

1 35 

52 1 

28 

3,323 

12 7 

3 60 

3 40 

111 

2 75 

1 41 

52 3 

21 

3,500 

11 1 

3 70 

3 80 

118 

310 

1 35 

52 7 

46 

3,480 

12 6 

3 80 

3 60 

1 33 

2 88 

1 42 

53 6 

40 

^,670 

13 4 

3 70 

3 90 

1 17 

3 10 

1 09 

56 8 

56 

4,309 

12 5 

3 45 

3 70 

1 18 

3 30 

0 90 

569 

121 

4,500 

12 7 

410 

3 50 

105 

3 40 

1 34 

56 9 

21 

4,280 

12 3 

4 10 

3 70 

117 

2 85 

1 20 

57 0 

71 

4,585 

13 7 

390 

4 10 

126 

313 

1 38 

57 8 

89 

3,045 

13 6 

3 30 

3 00 

1 04 

3 00 


59 0 

76 

4,336 

11 9 

3 50 

3 20 

1 10 

3 20 

1 34 

59 2 

101 

5,225 

13 8 

3 80 

4 00 

1 26 

3 20 

1 91 

59 5 

no 

5,443 

14 3 

4 30 

4 30 

1 29 

3 50 

1 43 

63 4 

190 

5,415 

13 8 

3 80 

3 60 

109 

3 50 

1 12 

751 

391 

8,845 

15 8 

3 75 

4 30 

139 

3 60 

0 87 




Females (Maldeveloped) 




52 2 

41 

3,933 

12 5 

350 

3 75 

117 

3 10 

1 10 

52 8 

71 

3,045 

12 3 

3 60 

3 70 

1 20 

2 85 

1 59 

589 

81 

3,825 

13 1 

3 70 

3 90 

110 

3 20 

1 20 

59 7 

95 

4,705 

13 0 

350 

4 00 

1 20 

2 85 

1 07 

63 7 

246 

5,355 

12 8 

3 60 

4 20 

1 27 

3 30 

0 78 

60 1 

180 

5,897 

13 0 

4 20 

4 10 

1 09 

3 20 

1 39 


figure 10 for the females Three times the probable errors of the means 
is indicated in each figure Field graphs of the length with age of the 
present study are included m each figure, a difference in symbol indi- 
cating whether normal or maldeveloped The children of this senes are 
seen to be slightly smaller than those collected by Richdorf, especially 
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IS this tiue of the male children The maldeveloped children, however, 
aie approximately the same length for age and sex as the normal chil- 
dren of this series 

The question then aiose whether or not the diffeience in length of 
males and females for the same age necessitated treating them separate!) 
accoiding to sex In a senes as small as this it would be advantageous 
to combine boys and girls In the pathologic series the males predomi- 
nate approximately as 4 5 1, but in the normal mateiial the females 
predominate as 5 4 Although in infancy, the female is smaller than 
the male, hei bodil) propoitions are approximately the same If this 
geneial rule holds for these data, they could be analyzed without regard 
to sex Foi instance, if males and females of the same length have the 
same sized heads, the sex differences m length for age could be elimi- 
nated by using length instead of age as a base To test this supposition, 
the trends of the fronto-occipital diameter ^Mth length were fitted by 
the method of least squares for both the normal boys and girls This is 
the general method used thioughout this study ^ 

Field graphs of the fronto-occipital diameter of the head with body 
length and their fitted trend are depicted in figiue 11 The measures 
for male and female children are depicted in sepaiate graphs with 

2 D = difterence between calculated 
and observed value of Y 

Y = BX -P A 
BX + A - Y = D 

F=: (BX -pA — Y)2=3 minimum 

Differentiating w ith respect toB 5|=2(BX-pA — Y)X = 0 

Differentiating ivith respect to A = 2 (BX -p A — Y) 1 = O 

Now solve the foregoing two simultaneous equations for B and A 

(1) 2X2B -p 2XA — 2YX = O 

(2) 2XB + 2A — 2Y = 0 

(3) 2XY=2X2B-P2XA 

From (2) since 2A = NA where (4) 2Y = 2XB -p NA 

N — number of obser\ations 

Multiply (3) bj 

Multiply (4) by 

Subtracting to sohe for B 



From (6) 
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then respective stiaight line tiends Foi the purpose of compaiison 
the fitted tiends of the data foi females and males aie depicted in 
figure 25 The tiends for both sexes practically coincide, demonstrating 
no essential sex diffeiences in the size of the head For this reason, 
most of the comparisons of maldeveloped cases with the normal have 
been made without regard to sex 

DIVISION or DATA 

The data for noimal and abnoimal material have each been divided 
according to sex foi fuithei compaiisons in the study of ceitain 
dimensions of the palate, namel}^ the widest transverse diametei of the 



length of the female and male children of this study 

palate, actual suiface width of the palate and height of the palate 
Aftei these various divisions of the material were made, a straight line 
was fitted to the measurements of each group by the method of least 
squaies The root mean squaie or standard deviation, probable error, 
and the probable error of the trend were computed for each group 
The result of these computations are recorded m table 9 

3 Standard deviation 0 -= 

Probable error PE=06745er 

Bow ley Elements of Statistics, ed 4, London, P S King & Son, 19-0, p 2 

PE 

Probable error of the trend P E T = ^ 

Kelley Statistical Method, New York, The ifacmillan Companv, 1923, p 10^ 




TABLr 9 — Table of Fonnulas 


Dimension 

Data Tncluded 

Num 

her 

of 

Ohscr 

va 

tions 

Formula 

Hoot 

Mean 

Square 

Devia 

tion. 

Cm 

p r 

P Em 

Average 

Devia 

tion 

Aaer 
age 
per 
Cent 
Deal 1 
tion 

Fxonto 

occipital 

Combined malCj 
female (normal) 

S6 

3 “ 5 067 + 0 130 D 

0 677 

0 457 

0 049 

0 553 

<106 

diameter 

Combined male, 
female (malde 
a eloped) 

2T 

y = 5 403 + 0129 L 

0G41 

0 432 

OOS3 

0 537 

4 50 


Male (normal) 

38 

r == 4 95S + 0 137 D 

0C92 

0 467 

0 075 

0 565 

3 64 


Temnle (normal) 

4S 

V == 5 IPC -J 0 l^e I 

0GG2 

0 447 

0 065 

0 550 

4 12 

Widest 

transverse 

Combined male, 
female (normal) 

01 

a =: 2 025 + 0 022 L 

0181 

0122 

0 013 

0148 

4 48 

diameter 
of palate 

Combined male, 
female (malde 
r eloped 

28 

3 =3 700 — 0 0001 L 

0 260 

016S 

0 032 

0 214 

5 64 


Male (normal) 

40 

3 ~ 2 21G 0 020 L 

0146 

0 098 

0 016 

OUT 

♦a »o 
o 


Hemale (normal) 

51 

r = 1 787 + 0 025 L 

0183 

0123 

0 017 

0142 

4 33 


Male (maldevcl 
oped) 

22 

v=r4100~ 0 005L 

0 263 

0177 

0 038 

0 210 

5 50 


Female (malde 
a eloped) 

c 

a = 1 857 a- 0 031 H 

0107 

0128 

0 052 

0148 

3 94 

Actual 

surface 

Combined male 
female (normal) 

91 

v = 2181 + OOoOL 

0 205 

0138 

0 015 

0105 

4 IT 

width of 
palate 

Combined male, 
female (malde 
% eloped) 

2S 

y = 1 905 + 0 033 L 

0 282 

0190 

0 036 

0 218 

5S'> 


Male (noimal) 

40 

y =: 2 4S3 + 0 02G H 

0197 

0133 

0 021 

0166 

4 12 


Female (normal) 

51 

3 = 1 829 + 0 035 L 

0193 

0130 

0 018 

0150 

3 84 


Male (maldevcl 
oped) 

22 

y = 2 157 a- 0 028 L 

0 020 

0 210 

0 040 

0 250 

C 70 


1 eraale (malde 
a eloped) 

6 

V = 2 110 + 0 031 L 

0 0G7 

0 045 

OOIS 

0 053 

134 

Height of 
palate 

Combined male, 
female (normal) 

91 

y =: 0 570 + 0 OOG L 

0101 

OOGS 

0 007 

0 079 

1 44 


Combined male, 
female (malde 
a doped) 

‘’S 

y = 1 221 — 0 0002 D 

0100 

ooes 

0 013 

0 073 

0 02 


Male (norma!) 

40 

a = 0 672 + 0 004 L 

0105 

0 071 

0 011 

0 035 

0 93 


Female (normal) 

51 

3 = 0 403 + 0 0091, 

0 0^3 

0 063 

0 009 

0 073 

7 55 


Male (maldca cl 
oped) 

22 

y = 1 17G T 0 0007 H 

0114 

0 077 

0 016 

0 0S3 

GSO 


Fcmule (malde 
vdoped) 

6 

V = 1 310 — 0 002 D 

OOCS 

0 046 

0 019 

0 0t)3 

4 49 

I ength of 
aheolar 

Combined male, 
female (normal) 

01 

y = 2 013 T 0 019 L 

0179 

0121 

0 013 

0 145 

4 G1 

process 

Combined male, 
female (malde 
vdoped) 

2S 

V = 1 824 + 0 023 L 

0170 

0 114 

0 022 

0 135 

4 "6 


Width of Combined mnle 
cleft female 


27 


v=2G22 — OOlCL 0 222 0 150 0 020 


0 177 13 SO 
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ANALYSIS or THE DIFFERENCE BETWEEN NORMAL AND 

CLEFT PALATES 

The measurements of the normal child and the abnormal child were 
giaphically compaied The method was similar for each set of dimen- 
sions A field graph of the palate measurements of the normal children 
with body length is presented with then fitted trend and three times its 
piobable erroi Field giaphs of the measurements of the abnormal 
childien with body length is also piesented with their fitted tiend and 
thiee times its piobable eiror For pm poses of comparison, the fitted 
tiends of the noimal and abnoimal children aie depicted in figuie 25 
in then actual i elation to each othei 



Fig 12 — Field graphs of the fronto-occipital diameter with body length for 
the abnormal children and for the normal children The fitted trend and three 
times the probable error is indicated in each graph 

Fi onto-Occipital Diainefei — The fronto-occipital diametei of the 
noimal children is compaied with the same dimensions of the mal- 
developed children in figure 12 A field graph of the fronto-occipital 
diameter of the noimal children with bod}'’ length is presented with 
then fitted trend and three times its probable erroi A field graph of 
the fionto-occipital diameter of the abnormal children with body length 
is also piesented with its fitted trend (indicated in broken line) and 
three times its probable error For the purpose of comparison, the 
fitted trends of the normal and abnormal children are depicted m 




PEYTON— GROWTH OF PALATE 


725 


figure 25 It is erident that there is no significant difteience in the 
fronto-occipital diameter in these two groups, their trend falling well 
within the range of three times the piobable error The size of the 
head is therefore approximate!} the same foi the noimal, as for the 
maldeveloped mateiial 

Sniface Width of the Palate — ^The surface wudth of the normal 
palate is compaied with that of the cleft palate in figure 13 Field 
graphs of both the normal and malde\ eloped children are depicted Tne 
lange of three times the probable eiror of the trend is indicated m 
each field giaph For the purpose of comparison, the lines of tiend 
foi both gioups of data are depicted in figure 25 Giowth is definite!} 
indicated, but it is doubtful if there is a significant difterence in the 
suiface width of the palate in the normal and maldeveloped children 
An mciement is demonstrated of approximately 8 mm m the suriace 



Fig 13 — Field graphs of the surface width of the palate with bod\ length for 
the abnormal children and the normal children The fitted trend and three times 
the probable error is indicated in each graph 

wadth of the noimal palate during that poition of the growth period 
included in this study, and a ver} similar amount of growth m the 
cleft palate The fitted line of trend for the maldet eloped material for 
51 cm length is approximately 1 3 mm less than that for the normal 
mateiial and at 59 cm length it is 1 mm less The foregoing points 
51 and 59 cm, aie chosen because the inajont} of the malde\ eloped 
material is included within this length This apparent difference m 
bin face width is probabl} not significant It mai be due to greater 
difficult! m getting the end-point ot mea<^urcment at the medial edge 
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of the cleft palate, or it may be the lesult of chance selection in the 
small gioup of the maldeA^eloped childien That chance selection is a 
cause foi this difference is suppoited by analysis of the same data when 
dnided accoidmg to sex Field giaphs of the data foi males and 



the abnormal and normal bovs of this series The fitted trend and three times the 
probable error is indicated in each graph 



Crown bcGl length (cm) 

Fig 15 — Field graphs of the surface width of the palate with bod} length 
for the abnormal and normal girls of this series The fitted trend for each group 
of data and three times the probable error is indicated in each graph 

females are depicted in figures 14 and 15, respectively Their lines of 
tiend and the lange of three times the probable error are indicate 
For the purpose of comparison, the line of trend of each group of norm 
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data IS depicted in figure 25 in its actual relation to the fitted trend 
of the abnormal material of the same sex The fitted trend of the 
abnormal male children at 51 cm length is approximate!} 2 5 mm belo^^ 
that of the normal male children and at 59 cm length it is approximate!} 
2 mm below that of the normal children, while on the other hand, the 
fitted trend of the maldeveloped females indicates a wider actual surface 
width in the cleft than in the normal palate 

Widest Tiansveise Diametei of the Palate — The widest trans\erse 
diameter of the palate is depicted in figure 16, in which field graphs of 
the normal clnldren and the maldeveloped children are presented n ith the 
trend for each group of data Three times the probable error of the 



Fig 16 — Field graphs of the widest transierse diameter of the palate with 
bodj length for the abnormal and normal children of this series The fitted trend 
and three times the probable erroi is indicated in each graph 

fitted tiend is indicated in each field graph For the purpose of com- 
parison, the fitted trend of each group of data is depicted in figure 25 
Definite grow th and also significant difference in the w idest transt erse 
diameter betw^een the normal and the cleft palate is indicated Approxi- 
mateh 6 mm increase in width of the normal palate during the period of 
giowth included in this stud} is demonstrated but no increase in the 
width of the cleft palate Since the fitted line of trend for the cleft 
palate shows no spread or increase of the width of the maxillae during 
the period included in this stud}', therefore, if this material is representa- 
tne am growth which does occur is toward the midline Tins would 
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Fig 17 — Field graphs of the widest transverse diameter of the palate with 
bodv length for the abnormal and normal male children The fitted tieiid and 
three times the probable error is indicated 



Iig 18— Field graphs of the r\idest trans^erse diameter of the palate \Mth 
bod\ length for the abnormal and normal female children The fitted frcn anc 
three times the probable error is indicated in each graph 
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lead one to expect that the cleft nould hecome narrower as gronth 
occuired m the palate To check this, the width ot the cleft nas 
measured, and analysis of these measurements confiimed this supposi- 
tion (fig 23) This IS the most unexpected and remarkable ohsei- 
vation demonstiated in this study That the transveise diameter of the 
cleft palate is greatei than the trans\erse diameter of the palate of the 
normal child of equal body length is evident The dififeience m width 
at the 51 and 59 cm lengths is appi oximately 7 and 5 mm , respective!} 
With the data grouped according to sex, field graphs and their tiend 
foi measuies of the widest transverse diametei of the cleft and noimal 
palate are depicted m figures 17 and 18 for male and female childien 
respectnely For the purpose of comparison, the line of tiend foi 
the measuies of male children noimal and abnormal, aie depicted m 



Fig 19 — Field graphs of the height of the palate vith bodj length for the 
abnormal and normal children of this senes The fitted trend and three times 
the probable error is indicated m each graph 

figure 25 111 then actual relation to each other, and the lines of trend 
tor the measuies of the female childien are also depicted m similai 
mannei m figiiie 25 As a whole, the results aie similar to those m 
which no diMsion as to sex was made 

Height of Palate — Comparison of the height of the palate is depicted 
in figuie 19 wdiich is composed of field giaphs and their trends for 
the measuies of normal childien and the maldei eloped children Three 
times tlie probable ciior of the trends is indicated in each field graph 
Foi the purpose of comparison the trends of each group is depicted in 
figuie 25 Iheie is little increase in height during the period studied 
approximateh 1 mm for the noimal palate and no increase for the cleft 
palate That the cleft palate is definite!} higher than the normal palate 
ot children of the same bod\ length, is demonstrated \t 51 cm crown- 
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heel length, the trend for the maldeveloped material is approximately 
3 mm highei and at 59 cm length 2 5 mm higher With the data 
grouped according to sex, field graphs and their trend for measures of 
the height of the normal palate and the cleft palate are depicted m 
figures 20 and 21 for the males and females, respectively Three times 



Fig 20 — Field graphs of the height of the palate with body length for the 
abnormal and normal male children The fitted trend and three times the probable 
error is indicated in each graph 



Fig 21 — Field graphs of the height of the palate with body length for the 
abnormal and normal female children The fitted trend and three times the 
probable error is indicated in each graph 

the probable enor of the fitted trends for each group is depicted Tor 
the purpose of comparison, the lines of trend for measures of the male 
children, normal and abnormal, are depicted in figure 25 in their actua 
relation to each othei , and the lines of trend for measures of the fema e 
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children are also depicted in similar manner m figure 25 In general, the 
result IS similai to that for the combined data 

Length of the Alveola) P)ocess — The values detei mined foi length 
of the alveolar process in the maldeveioped children were dnided into 
three groups the long side, the short side and the average of both 
sides in a case of bilateral cleft There were twenty in each of the first 
two groups and eight in the latter The arithmetical mean of each of 
these groups of dimensions was taken For the long side it was 3 05 
cm , foi the short side, 3 11 cm , and 3 08 cm for the aieiage length 
of the bilateral cleft palates This reveals a discrepanci of less than 
1 mm , which is within the possible eiror of measurement 

The length of the alveolar process of the palate is depicted in 
figure 22, which consists of field giaphs and their line of tiend for the 



Fig- 22 — Field graphs of the length of the alveolar process with bodj' length 
for the abnormal and normal children The fitted trend and three times the 
probable error is indicated in each graph 

mcasuies of the normal children and the maldei eloped children Thiee 
times the piobable eiior of the fitted trends is indicated in each field 
giaph For the purpose of comparison the lines of trend of each group 
of data is depicted in figure 25 

Giontl] 111 length of the aheolai arc of the noimal palate is approxi- 
niateh 5 mm during the period included m these data and as much, if 
not shghth moie in the aheolar arc of the cleft palate 

Although on the vhole m the maldei eloped children the fitted 
trend for length of the aheolar process vith bodi length is shghth 
aboie that of normal children it does not appear to be a significant 
diftereiice In that portion of the graph which includes most of the 




732 


ARCHIVES OF SURGERY 


maldei eloped niatenal, namely, from 51 to 59 cm crown-heel length, 
It IS not gi eater than 0 5 mm It is possible that some of this difteience 
in length is due to the diffeience m the method of obtaining these 
dimensions The normal palate was measuied diiectly as the choid 
of the arc of one side of the alveolar piocess The maldeveloped 
palate was measured foi the most part as two segments oi choids, the 
sum of whose ciicumfeience lepresented the entiie alveolai aic, that 
IS, the arc of the maxillai}^ portion of the alveolai boidei and one-half 
the premaxilla were summated to obtain the length of the alveolai arc 
Since the sum of two choids is gi eater than the choid of the sum of 
the ciicumfeience the)^ lepresent, this piobabl}'- is a slight souice of 
enor m the diiection indicated b)^ the lines of tiend 

IVidUi of the Cleft — Since analysis of the widest tiansverse 
diameter of the palate demonstrated an increase of appi oxnnately 



Fig 23 — A. field graph of the width of the cleft with body length The 
fitted trend is indicated 

7 mm m the fiist year and no inciease m the same dimension of the 
cleft palate during this same period, although there was growth in 
the palate of both the normal and abnormal children, as demonstiated 
by the actual suiface measurement, it should follow that the cleft 
becomes smaller oi moie naiiow during the period of giowth included 
m this investigation This supposition is supported by anal} sis of 
measuies of the cleft A field giaph of the Avidth of the cleft and its 
line of tiend is depicted in figure 23 Between the extieme ends of 
the graph it diminishes approximately 4 mm The material is so 
variable that this may be a chance selection of wide clefts in the smaller 
specimens, but since it checks so uell with the othei obsenations it 
IS moie probable that theie is actual giOAvth of the tissues towaid the 
midlme This can be checked by lepeated measurements on the same 
child ovei a peiiod of several months 
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COMMENT 

Compaiisoii of the results of this in\estigation with the dimensions 
of the palate, as determined by othei investigators, cannot be acciuately 
made, since then results have not been anal 3 "zed m this manner, the 
age distribution of mateiial does not correspond, and the method of 
taking and the end-points of measurements aie not the same In geneial 
however, there is a similarity of results In table 10 are recorded the 
lesults of investigators quoted m the section on liteiature and included 
are those of this investigation for compaiison 

Congenital malfoimations of the uppei hp and palates are most 
common in boys Haug reported that in 2,352 instances of such mal- 
de\elopmeut the male was effected in 64 3 per cent Davis reported 
24 children with clefts, 71 per cent of whom were boys In this series 
there were 20 boys and 6 girls, or 77 per cent males and 23 per cent 
females 

Tabcv 10 — Dn)icjisi(»i5 of ihc Palate Compaied with Results of Othei 

Jnvcstigatoi s , 



Dimension 


' Width, 

Height, 

I ength 


Investigator 

Cm 

Cm 

Cm 

Alknn (average) 

2 70 

1 20 

3 20 

Denser (average) 

Dranle (average) 

3 09 

OSS 

2 OS 

This study (median) 

3 30 

0 95 

3 13 


Congenital clefts of the upper lip and uppei part of the face are 
most common on the left side Haug reported 2,238 cases with left- 
sided cleft m 50 9 per cent, right-sided in 21 8 per cent and bilateial m 
27 3 per cent In geneial, only complete clefts are included in the 
senes of this investigation and aie not entirely compaiable, therefoic 
with this report of Haug where all clefts were included This mai 
be the leason m part for the difterence in frequenej" in this senes 
namely, left-sided cleft, 38 per cent, iight-sided cleft, 35 pei cent and 
bilateial cleft, 27 pei cent 

The lesults of this investigation nould, of course, ha\e been more 
conclusne if the maldei eloped material was repiesented b\ a larger 
senes Anomalies of the upper part of the face and jan are not of 
fiequcnt occunence They occur in colored people once m 1 788 births 
and m white people once m 915 births, according to the figures of Dans 
who leiiewed the birth records of 28 085 consecutne delnene'- m 
w Inch there occurred 24 instances of cleft Frobeliu': in 1865 reported 
76 instances of cleft in 180 000 hospital adinisnons or apjiroMinateh 
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1 to e^ei} 2,400 Since complete clefts, unilateral oi bilateral, ueie 
chosen foi the piesent stud3^ man}^ cases with lesser degiees of cleft 
ueie rejected Complete clefts, unilateral or bilateral, occurred in 
73 4 per cent of 1,887 cases of clefts of the hp and palate repoited 
by Haug, 24 pei cent of which were complete bilateial clefts of the 
hp, process and palate 



Ca-Iculahe^ size cf aioaolacr arc ah Slcxn croiun heel ien§fb 


MaUcoeioped 





-NormjJ 


Calculahed size of cross section of palate aJr 
51 cm croojn heel len^f b 



Calculated size of alucolar arc ah 59 cm croam beel length. 


Maldeueloped 



normal 


CaJeoiated size of cross aechon of paiale ah 
59 cm crxxxin heel leoc^fh 

Fig 24 — An outline of the aheolar process and a cross-section of the palate 
depicting, as determined in this stud^, the relatne size of the abnormal and normal 
palate at 51 cm crown-heel length and 59 cm cro^\n-heel length 


Other problems in connection u ith surgical measures on inaldet elop- 
ments of the upper hp and palate could be sohed by this method, 
especial!} should the anatomic results of operations be investigated 
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SUMMARY 

Growth increments of the normal palate during appi oximatel)^ the 
first year ( from 49 to 75 cm crown-heel length ) are as follows 


Widest transverse diameter of palate S 5 mm 

Actual surface width of palate 80 mm 

Height of palate 1 0 mm 

Length of alveolar process 5 0 mm 



widtli of the palate with bodj length, (b) the widest transierse diameter of the 
pahte with bodj length, (r) the height of the pahte with bode length, (d) the 
ironto-occipml dnmeter if the head with bode length, and (e) the length of 
tlie aieeohr process of the pahte eeith bode length 

Dimensions oi cleft palate except surlace width are larger than those 
ol the normal palate The cleft palate dimensions compared with tho=e 
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of the normal palate for children of 51 and 59 cm crown-heel length, 
respectively, are as follows 



51 cm crown- 

59 cm crown- 


heel length, 

heel length. 


mm 

mm 

Widest transverse diameter of palate 

-f 70 

+ 50 

Actual surface width of palate 

— 13 

— 10 

Height of palate 

+ 30 

+ 25 

Length of alveolar process 

00 

+ 05 


These difteiences rn the size of the cleft palate and the normal palate 
are graphically represented in figure 24 

The width of the cleft was found to dimmish 1 5 mm during the 
growth interval between 51 and 59 cm crown-heel length This was 
to be expected, after it was found that the widest tiansverse diameter 
during the same interval remained approximately unchanged 
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HISTOLOGIC STUDIES OF THE BRAIN IN CASES OF 
FATAL INJURY TO THE HEAD 

I PRELIMINARY REPORT ^ 

CARL W RAND, MD 

LOS ANGELES 

Pei haps one of the most obvious gioss changes found in the biain 
following a severe injury to the head is an increase in its fluid content 
This is commonly ref ei red to as ceiebral edema At autopsy the biain 
appeals swollen, and under ceitaiii circumstances it is probably actu- 
ally heavier than normal The increase in fluid, as judged by gioss 
appeaiance, is geneial in distribution It is not confined to the substance 
of the biain alone, although this tissue may be wettei than noimal, in 
addition, there is often an excess of fluid m the subarachnoid space and 
in the ventiiculai system This excess of cerebiospinal fluid may be 
demonstiated clinically At lumbar punctuie the pressuie of the fluid 
IS usually inci eased, the lapidity of its flow is quickened, and the actual 
amount that may be withdiawn is often considerably greatei than nor- 
mal The presence of a "wet” edematous brain is often seen at opera- 
tion The pathologic and ph3'^siologic changes underlying this inciease 
in fluid content have not been sufficiently explained The studies that 
will be biiefly outlined in this lepoit are being conducted foi the purpose 
of investigating the sources of this fluid, as well as the leason for its 
inci ease 

The fiist inquiiy was diiected to a study of the choroid plexus It 
seemed i easonable to assume that the activity of this sti uctiii e might be 
altered by trauma If so, this might lead to moiphologic changes that 
could be seen undei the micioscope Othei consideiations, howevei, 
soon piesented themselves for investigation, and finally led to a histologic 
surve}’" of moie distant poitions of the brain 

It was sought to ascertain the condition of the ependjmial lining of 
the ventiicles and its possible idle as an accessoiy source of cei ebrospmal 
fluid, to stud}'- the changes that might occur in the neuions oi ghal cells 
pioper, to examine the condition of the leptomeninges, m seeking an 
explanation of the so-called “wet or sweaty’ brain, to mAestigate the 
condition of the substance of the biain, especially with refeience to 
possible enlargement of the perivascular and pericellular spaces, and to 
attempt expei imentally to deteimine whether fluid seeps through tie 
semipeimeable membranes of the small capillary walls into the pern as 
cular and hence into the pencellular spaces 


'■ Submitted for publication, Juh 26, 1930 
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Abundant material has lieen placed at our disposal thiough the kind- 
ness of Dr A F Wagner of the coroner’s department ^Ve have chosen 
sixt}-one pathologic brains for study, using ten normal biams as con- 
trols Dr C)nl B Counille has been working on other phases of this 
study, and more detailed leports will be presented with him later 

HISTORICAL DATA 

Weed^ (1922) has given an evcellent leriew of the generally 
accepted piesent conception of the sources and cii dilation of cerebio- 
spmal fluid The supposition that this fluid is secieted by the choioid 
plexuses is usually ascribed to Fame- (1853) and Luschka ^ (1855) 
Faivie was the first to describe the glandular histologic structuie of the 
choioid plexus He demonstiated that the villous projections were cov- 
ei ed by epithelial cells which he beheA'ed showed indications of secretoiy 
activity Luschka oiiginated the hypothesis "that the choioid plexuses 
elaboiate the gieatei poition of the ceiebiospinal fluid” and was the 
fiist to show hyahii-hke inclusions m the cells These may have been 
vacuoles His hypothesis has been widelj accepted, although conclusive 
pi oof that the choroid plexus is a secietoi} gland has never been actually 
established Findlay* (1899) made the most caieful studr of the cho- 
ioid plexus up to his time He described the glandulai stiuctuies of 
the cells and called attention to the pigmented globules and vacuoles in 
them He concluded that “there is a constant change going on in the 
epithelial cells and they normallj undergo a piocess of vaciiolation and 
lupture to foim the choioid plexus secietion ” Studnicka ^ (1900) 
found similar eiidence of secretion both in the cells of the choioid 
plexus and m the ependimal cells m ceitain areas Pettit and Girard** 
(1902) described hjalm-hke globules in the choroidal epithelium of 
animals, but thought that these did not lepiesent secietoi y vacuoles 
Loepei ‘ (1904) studied the choioid plexus in man and described pig- 
mented giamilcs in the cells He also found pigmented granules -within 
the ^acuoles by using osmic acid preparations and concluded that the 

1 tN ccd L II The Ccrtbrospiinl rimd, Pin ‘-lol Re\ 2 171 f ’\pril) 1922 

2 r-iurc E Des gramilationes mcinngicnnc<:, These dc Pans 1851 

I Luschka, H Die Adcrgcflcchte des mcnschhchcn Gchirns, Berlin, 1855 

d rnidlai I M The Clionoid Plexuses of the Lateral Ventricles ot the 
Brim Their Histoloe\ Xorinal and Pathological Brain 22 161 1899 

5 Sttuhncka E K I ntersuchungen nbcr den Bin des Epeiuhms der 
ncrvosen Ccnlr ilorcane \int Hefte 15 305 1900 

6 Pettit \ and Girard T 9nr la luiiction sceretoire el la niorphologio 
di-' jdiMi-, choroules dcs leiunelL- 1 iteraux dn swtcme nerecnx central, 4rch 
il anat inter 5 2l’, 1902 

7 Loeper M Snr qnclqncs points d histolngie norniale ct p-’thologiquc dcs 
plixiis Giorioides de 1 boinine Compt rend Soc (L biol 56 1010 1904 
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choioid plexus was a glandulai oigan Fiom histochemical investigation 
Yoshinuua® (1910) concluded that the secietion of ceiebiospinal fluid 
b)^ the choioid plexus “was i elated to the aggregation of the sinallei 
cytoplasmic granules togethei into large vacuoles foi dischaige ” Pel- 
lizzi » (1911) felt that the epithelial cells of the plexus secieted gianules 
which inci eased in size b} the absoiption of fluid plasma until they weie 
exti tided 

]\Ioie convincing evidence of this secietoiy natuie of the choioid 
plexus has been established b)'- pltysiologic and phaimacologic methods 
than by puiely anatomic and histologic observations Cappelletti 
(1900) found that ethei and pilocaipine increased the flow of spinal 
fluid, while ati opine and 1130303 amine deci eased it Pettit and Guard'' 

lepeated Ins work, with similar obseivations In addition, the 3 ' made 
histologic studies of the choioid plexus and found an actual inciease in 
the size of the choioidal epithelium The 3 ^ desciibed these cells as being 
piacticalh doubled in height while undei activit 3 '^ The 3 f also noted a 
gianulai zone neai the base of the cells and a cleai, sometimes vesiculai 
zone neai the apex, which the\ concluded indicated that the choioid 
plexus possessed a secietopv actniti^ Meek (1907) lepeated then 
expel imeiits coming to identical conclusions, and stated that “the two 
things most striking about these modified cells aie then gieat inciease 
m height and the appeal ance of so much clear space at the distal side of 
the nucleus ’’ Claisse and Levv^^ (1897) described h 3 'peitiophy of the 
choioid plexus m a case of inteinal h 3 'drocephalus Dand 3 '’ and Black- 
fan (1913) and Fiaziei and Peet (1914) pioduced internal h 3 'dro- 
cephalus e\peiimenta]l 3 ^ by occlusion of the aqueduct of S 3 dvius In 
1919 Dand 3 ” again pioduced unilateial h 3 diocephahis by obstuicting 
one foramen of Momo in which the choioid plexus was left intact in 

8 Yoshimura K Das liistocheinische Vcriialten des menschlicheii Ple\iis 
chonoidens, Arb a d neurol Iiist a d Wien Univ 18 1, 1910 

9 Peulizzi, B Expenmentelle histologische untersuchungen iiber die Plexus 
chonoidei (Adergeflechte), Folia neuro-biol 5 305, 1911 

10 Cappelletti, L L’ecoulement de liquide cerebrospinal par la fistule cephalo- 
rachidienne en conditions normales et sous I’lnfluence de quelques medicaments 
4rch ital de biol 35 463, 1900 

11 Meek, W J A Study of the Chonoid Plexus, J Comp Neurol 17 286, 
1907 

12 Claisse P, and Levy. C Etude bistologique dun cas d’hjdroceplialic 

interne, Bull Soc A.nat de Pans, 1897, p 265 

13 Dandy, W E , and Blackfan, K D An Experimental and Clinical SUidv 
of Internal Hydrocephalus, JAMA 61 2216 (Dec 20) 1913 

14 Frazier, C H , and Peet, M M Factors of Influence m the Origin and 
Circulation of the Cerebrospinal Fluid, Am J Plnsiol 35 268, 191 

15 Dandr, W E Experimental Hydrocephalus, A.nn Surg 70 1-9 t 

1919 
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tlie obstructed %entricle When he remo\ed the choroid plexus of the 
\entncle lief ore obstructing the foramen ot ISIonro, internal h)dro- 
cephalus did not occur His experiments furnish the strongest cMdence 
to proie that the choroid plexuses elaborate cerebrospinal fluid Cush- 
ing (1914), while operating on a child uith a porencephalic c}st 
obsened exudation of a cleai fluid from the surface of the choroid 
plexus Becht (1920) on the other hand in a critical renew not onl) 
questioned whether the choroid plexus secretes cerebrospinal fluid but 
has also challenged the geuerall> accepted theories of the circulation 
and absorption of this fluid as outlined b} practicall} all other obsen ers 
Howeier, he offered no adequate explanation as to the source or path- 
\\a}s ot absorption of the fluid Wislocki and Putnam (1921) demon- 
stiated that granules ot potassium fenoc\anide penetrated the epend>- 
mal cells lining the rentiicles, but did not pass through the choroidal 
epithelium, in cases of experimental internal h} droccphalus in rvhich the 
solution was introduced into the subarachnoid spaces Nanagas 
(1921) demonstrated an increased intraA entricular accumulation of fluid 
after intraAenous injection of h}pertonic salt solution but in no case 
lound appal ent absorption of the fluid b\ the cells ot the choroid plexus 

Weed (1914), in discussing the dual source of cerebrospinal fluid 
h\pothecated that aside fiom the choroid plexus “the peinasculai space's 
also poui a certain amount of fluid into the subarachnoid space wheie 
this fluid mixes with the liquid pioduced m the ceiebral \entncles ' He 
failed to tell how the fluid gets into the pernascular spaces He was of 
the opinion that “the ependunal cells lining the cerebral \entiicles and 
cential canal of the spinal coid mae also contiibute eeen in the adult a 
minimal addition to the intiaeentiicular cercbiospmal fluid ” Hallibur- 
ton (1916) lefciied to the cei ebrospinal fluid as sere mg as the hmph 
nt the brain although he diffcientiatcd it from the true hmph as seen in 
hmphatic vessels It is gcneralh conceded that true hmphatic ecsseh 
do not exist in the dura inatci oi the brain Sabin-- (1915-1916) 
pointed nut that the use of the tcim “hmph ’ should be restricted to the 
fluid confined to tiue hmphatic eessds and should not be used to dcsig- 

ITi Cu^Iiincr 11 Studies on Ccrtbro-Spiinl riuui, T M Research 31 1 1914 

17 Bcclit, F C Studies on Ccrcbrocpiml Fluid, \m J Pin siol 51 1 1920 

IS \\ nlocki, G B , and Putn un T J \b‘;orption irom Veutneks jn 
I \pcnmcniall\ Produced Internal H\droccpb.ilue \m T \nat 29 313 1921 

19 \ inaeas T C Fvpenmcntal Studies on Ih drocepb ilus Bull Jobin 
Hopkins Hosp 32 3Sp ]921 

20 \\ced L II Studies on Cerebro^jiinal Fluid IV 1 he Dual Source of 
(.'eribro^pinal Fluid T M Research 31 ^3 1914 

21 Halliluirton V F The Po'-'dile Function'' oi Ccrciirospin d Fluid 
1 amet 2 779 CVoe 41 Fid 

22 Sabin F R The Metlmd of Grovtn of tbc LempbaUc S ^tem II i-- 

lecture' 'erics 11 \c\e lais.^op, 
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nate any other fluid in the body Weed ^ summarized the relationship 
of ceiebiospmal fluid to the brain proper as follows 

In one respect the cerebrospinal fluid does function as an accessory fluid to 
the central nervous system The drainage of the fluid contained within 

the perivascular channels toward the subarachnoid space has been commented 
upon , this fluid really becomes added to the ventricular cerebrospinal fluid in the 
subarachnoid spaces In that sense, then, these perivascular spaces repre- 

sent accessory drainage channels, uninterrupted by cell membranes and capable 
of carrying toward the subarachnoid space the waste products of nerve-cell activ- 
ity Lacking a true lymphatic sj'stem, the nervous tissue apparently makes use 
of these perivascular channels as pathways for fluid elimination The ultimate 
connection of these perivascular channels with potential spaces about each nerve- 
cell indicates the close relationship between the cerebrospinal fluid and the nervous 
system And in addition to these rather obvious fluid spaces about the nerve-cells, 
there is evidence indicating that this fluid-system is intimately connected with the 
general tissue-channels through the ground-substance of the brain The general 
direction of flow of this fluid under normal conditions seems to be toward the 
subarachnoid space But under certain conditions this direction of flow may be 
reversed so that the cerebrospinal fluid passes from subarachnoid space to nene 
cell (page 119) 

CHANGES IN THE CHOROID PLEXUS 


The choioid plexus is detived from a tufting of the ependymal lining 
of the ventiicles Each tuft is coveied by a single layer of'cuboidal 
epithelial cells which test on a basement oi limiting membrane (figs 1 
and 2) The fibious tissue of the stioma is minimal, and the basement 
membrane usually approximates the wall of a central blood vessel 
Definite changes in the choioid plexus have been noted in cases of fatal 
injury to the head The most striking alteiation is seen in the connective 
tissue of the stioma in which varying degrees of edema occur In some 
instances theie is but little distention of the connective tissue, in others 
diffuse swelling of the cells has occuried (fig 3) In the most marked 
instances the villus is ballooned out with fluid so that the basement mem- 
biane is separated to the gieatest extent from the underlying blood 
vessel (fig 4) The fluid causing this edema may be seen to collect in 
large spaces between the walls of the blood vessels and the basement 
membrane of the choroidal epithelium (fig 5) In some instances the 
accumulations of fluid ai e small and numerous, simulating bubbles , m 


others they may be large and cause a breaking down of the intervening 
septums The blood vessels may be enlarged and distended, indicating 
hyperemic changes The connective tissue cells may show swelling o 
the nucleus so that it appears vesicular and more round or oval t lan 
usual These cells maj’- take bizarre shapes and maj be vacuolate 
Pigmentation in the foim of small gianules is often present in tie 
epithelium and stioma The pigmented granules are usually contained in 
phagoc} tic cells This pigmentation has been described In F at ler a 


23 Flather kl D A Study of the Haemosidenn Content of the Choroid 


Plexus, Am J Anat 32 125 (Sept ) 1923 




Fig 1 — Normal choroid plexus Various tufts of choroid plexus are seen 
These are covered by a single layer of epithelium The basement membrane on 
opposite sides of each villus is practicallv in coaptation, except where it is forced 
apart b\ the vessel The stroma is inconspicuous, except near the pedicle of the 
gland Hematoxylin and eosin stain, X ISO 



' 2— \ormil chori'id jiUxii- Tint'; oi normal cliornui showing the prox- 

imn\ of tin wall oi iIil cuiiral art<.r\ to tin. bavenum membrane ni tlic choroid d 
ipithclnim \ uw sma'l aaeiinkv can be scxii in the cpnhelul cells Hcmato'elm 
and co'in ^t un x' ^"0 






Fig 3 — Moderate edema of the choroid plexus The connective tissue of the 
stroma is moderately filled with fluid, forcing apart the choroidal epithelium The 
spaces between the blood vessels and the choroidal epithelium are also widened 
“Fibrin thrombi” are conspicuous Those are not considered pathologic, as they 
are often seen in normal cases Death occurred two hours after injury Hema- 
tox} Iin and eosm stain , X 190 
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hemosideiin, but it appeals to be noniron pigment, possibly hematoidm, 
as demonstrated by the specific reaction to the test with potassium 
fenocyanide Masses of “fibiin thrombi” aie sometimes found m nor- 
mal, as well as in pathologic, cases, which contain iron pigment as 
demonstrated by the same test They usually increase m numbers as age 
advances 

The basement membrane is found to be intact when the accumulation 
of fluid within the connective tissue is small When the edema is moie 
extensive, free fluid is found in large spaces in the stroma and the base- 
ment membrane is often torn In certain instances it is distoited, or 
even totally destroyed, so that the inferior aspect of the epithelial cells 
IS extensively irregulai and it appeals as if fluid weie being foiced 



Fig 5 — Enlarged collections of fluid in the choroid plexus following injury 
A marked increase in the fluid spaces between the blood vessels and the basement 
membrane of the choroidal epithelium is seen There is a definite increase in the 
vacuolization of the cells A vacuole m the process of rupturing is seen at the top 
In several locations pigment granules, indicated by arrows, may be seen Death 
occurred two days after injury Hematoxylin and eosm stain, X 850 

between them The individual choioidal epithelial cells weie often swol- 
len and enlaiged In compaiison to choroidal epithelial cells of noimal 
height, 1 e, 12 micions, cells var}ing from 14 to 20 micions in height 
aie found, depending on the degree of edema In certain instances cells 
measuiing as high as 26 micions hate been encountered Often the 
fiee 01 ventiiculai maigin of the cell is ragged, probably owing to its 
luptuie bt the passage thiough it of the contents of one large or many 
small tacuoles as thet empt} into the tentiicle 
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Vacuolization of the choioidal epithelium is noimal]> seen in appioxi- 
inatel)^ fiom 12 to 20 pei cent of the cells The vacuoles may be multiple, 
in which case they aie seldom laige Following tiauma, vacuolization 
IS gieatly inci eased and may invoh'-e from 25 to 67 per cent of the cells 
The vacuoles are often much larger than one sees in noimal choroidal 
epithelium Single vacuoles actually laiger than a normal epithelial cell 
have fiequently been obseived (fig 6) The process of the formation 
of these vacuoles is not cleai Some have thought that they lesult from 
a coalescence of gianules in the cells Fiom our study it would appear 



Fig 6 — Large vacuole of choroid plexus about to rupture into the ventricle 
There are many fine vacuoles scattered throughout the epithelial cells To the 
left of the large central \acuole, which points toward the free margin, one secs a 
collection of minute vacuoles apparently coalescing to form a large one Marked 
edema of the stroma and a moderate irregularity of the basement membrane are 
seen The choroidal epithelium is markedly distorted Death occurred four lours 
after injurj Hematoxylin and eosm stain, X 1,800 

that in certain instances fluid pushes up thi ough the basement membrane 
of the cells, actually causing the formation of vacuoles within that struc 
tuie Some observers have described various inclusions of cells m tic 
choroidal epithelium as being due to fat or to hyalin In oui prepaidtio 
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fat stains (Nile blue and scharlach R) tailed to demonstrate the presence 
of fat, and hyaline stains (^an Gieson) still showed them as clear spaces 
m the C) toplasm Increased granulation of the cells has been noted, but 
we have not seen condensation of the granules at the base of the cells 
and rarefaction at the apexes, as has been described by other obserr ers 
(Weed,^ Pettit and Girard,® Meek,^^ etc ) 

CHANGES IN THE EPENDYMA 

The ependymal lining is composed of a single lajer of epithelial 
cells which are attached to the underlying substance of the brain by 
a very thin basement membrane (fig 7) The cells vary in height 



Fig 7 — Normal ependjma The lining membrane is uniform, in places it 
appears ciliated Seieral small vacuoles can be seen between or below the nuclei 
The basement membrane of the cells is not clearl) defined The Upe of cell 
apparent!} is cuboidal In certain instances the normal ependyma ma} be consid- 
erably more ^acuolated than is shown here Hematoxilm and eosin stain, X 
1,800 


in difterent parts of the -sentncular S 3 stem, but become more columnar 
as they approach the choroid plexus Normally, the lotvest ttpe of 
cell measures about 5 micions, the cuboidal t\pe from 6 to 9 microns, 
and the columnar t}pe, near the pedicle ot the choroid plexus, from 
11 to 13 microns in height There has been some er idence that fluid ma}^ 
pass noimally through the ependjmal lining from the brain into the 
Aentiicle or under certain conditions, such as internal Indrocephalus, 
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in the level se direction Weed/* in discussing the elaboration of cere- 
brospinal fluid, stated that “a minimal production by the ependymal 
cells, negligible in its significance and total amount, may occur Wis- 
locki and Putnam,*® as well as Nanagas,*® have shown that m cases of 
expeiimentally pioduced hydi ocephalus prussian blue was piecipitated 
in minute gianules both m the C3doplasm of the epend}mal cells and 
m the perivascular and peiicellular spaces of the substance of the brain 
beneath The^ concluded that undei certain circumstances both tiypan 
blue and prussian blue found a definite pathway of escape from the 



Fig 8 — Moderate edema of the ependyma Here moderate vacuohzation of 
the ependj'mal cells is seen The nuclei are distorted and the cells are heightened 
In two places collections of fluid seem on the point of emptying into the ventricle 
Considerable increase of the subependj’mal fluid spaces is also evident Death 
occurred within thirt)'’-siN. hours after injury Hematoxylin and eosin stain, X 
1,750 

ventiicles, through the ependyma, into the intercellular spaces and 

thence into the peiivasculai channels 

In our senes certain changes m the ependymal lining and su 
epend}mal tissue have been found (fig S) In the latter, varying 
degrees of edema occur In certain instances the fluid spaces may e 

24 Weed, L H An Anatomical Consideration of the Cerebrospinal Fluid 
Anat Rec 12 465 (^la^ ) 1917 
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moderately enlarged, in others the stroma is ballooned out to such 
an extent that the trabeculae or septums dividing the individual channels 
are broken down The basement membrane may be ruptured by fluid 
pressure and under certain circumstances almost completely destroyed 
(fig 9) Vacuolization of the cells is usually increased m varying 
degrees The vacuoles or fluid spaces are much more numerous and 
larger than occur normally and may push the nuclei into eccentric posi- 
tions Not uncommonly the nuclei appear to be pushed forward toward 
the distal end of the cells in a palisade manner They almost give the 



Fig 9 — Marked distortion of the edematous ependyma Great edema of the 
subependimal tissue is evident The cells are tremendously heightened and filled 
with fluid The subependi mal fluid spaces are dilated and wide open The nuclei 
apparently were forced forward by fluid The lining membrane is irregular and 
in places is broken This represents the maximum change found in the ependi'ma 
and the subependjmal tissue m this senes Death occurred fortv-eight hours after 
injuri Hemato\\lin and eosin stain, X 1,750 


appearance of having been floated up from their normal position The 
height of the ependtmal cells is also increased, depending largely on 
the amount of edema or tacuohzation present In cases of so-called 
“full-blown” edema of the epcndtmal lining, cells measuring from 
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30 10 to 32 25 micions have been obseived In cases of inoie modeiate 
edema, cells of lessened height varying fiom iioimal to the aforemen- 
tioned measuiements ha\e been seen 

Naturally, undei the conditions described the outlines of the cells 
become iiregulai, often assuming most bizaiie shapes This is thought 
to be occasioned by the varying degiees of distention and vacuolization 
In ceitain instances the free lining of the cells is fiagmented, and if 
blood is present in the lateial ventiicles, erythiocytes in varying degrees 
of degeneration may be found clinging to the fiee ependymal lining 

CHANGES IN THE SUBSTANCE OE THE BRAIN 

Based laigely on the hypothesis of a direct connection of the peii- 
vasculai with the peiineuronal and peiicellulai spaces — Vii chow-Robin 
spaces — one may attempt to explain ceitain histologic changes found 
in the substance of the biain following injuiies to the head The 
connection between these spaces has not yet been definitely pioved 
This system has been called on by some to explain the mechanism of 
concussion Mott-® (1919) hypothecated that a shock tiansmitted to 
the fluid occupying the ventricles and the subduial, peiivasculai and 
peiicellulai spaces would be passed directly to the neuions themselves 
He explained concussion as a lesult of this transmitted effect on the 
neive cells Cassasa®® (1924) explained the mechanism of concussion 
in much the same way He found an ovei filling of the peiivasciilar 
spaces with ceiebiospinal fluid He also expiessed the belief that the 
fine fibrils as desciibed by Mott*’ (1910), connecting the outer surface 
of the blood vessels with the suiiounding biain, are torn by sti etching 
and that frequently the wall of the vessel is laceiated He explained 
penvasculai hemoirhages in this w^ay He expiessed the opinion that 
the cei ebrospinal fluid is forced down the perivascular spaces from the 
subarachnoid spaces m a direction opposite to its usual flow and thus 
explained the distention of these spaces It will be recalled that Weed ^ 
stated that “under ceitain conditions this diiection of flow may be 
reversed so that the cerebiospinal fluid passes from the subarachnoid 
spaces to the nerve cells ” Cassa'^a felt that the diiect physical changes 
thus caused in the ganglion cells of the brain might uell explain the 
phenomenon of concussion 

25 Mott,~ F W War Neuroses and Shell Shock, London, Oxford Universifv 
Press, 1919, pp 4 and 5 

26 Cassasa, C B Multiple Traumatic Cerebral Hemorrhages, Proc Neu 
York Path Soc 24 101 (Ian -MajO 1924 

27 Mott, F W The Pathology of the Cerebro-Spmal Fluid, Lancet 2 I an 

79, 1910 
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There is probably a close analogy between the “water brain” pro- 
duced experimentally by using intiavenous hypotonic injections and 
the “wet biain” seen following severe injuiies to the head Naturall), 
the changes m the latter condition, while similar, \vould not be as maiked 
as those which could be produced in the laboratory Fenaio (1930) 
recently studied the subject in rabbits He found changes in the choroid, 
ependyma and tissue of the brain proper, wdiich are practically analogous, 
though much more marked, than those seen after severe injuries to 
the head He described increased vacuolization of the choroid plexus, 
and inci eased subependymal edema rvith disruption of the epithelial 
lining membrane He also described increased edema of the interstitial 



Fig 10 — Normal substance of the bram, frozen section to eliminate artefacts 
Several P 3 ramidal cells are shown No pericellular space is present, except as 
faintl} indicated about one p\ramidal cell at the upper right corner At the lower 
right corner a \essel can be fainth" seen, but the peruascular space is not cMdem 
Hematoxi hn and eosin stain , X 335 

tissue of the brain in \arious localities, as well as dilatation of the 
pciivascular and pericellular spaces and eien vacuolization of the nene 
cells pioper In addition he has shown acute swelling of the glial 
elements (oligodendroglia and microglia), as well as pronounced sw'ell- 
ing of the lining endothelium of the intima of certain small blood vessels 
Frozen sections ha\e been emplo 3 ed m order to eliminate as far 
as possible the ei ror that inaj be caused by unet en contraction of tissue 

28 Ferrnro, Armando The Reaction of the Bram Tissue to Intra\enouv 
Iincction of H^potomc Solutions, J Xcr\ &. Mcnt Dis 71 129 1930 
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when paiaffin or celloidin is used This piactically eliminates the 
pioduction of artefacts (fig 10) We have found an inciease in the 
size of the peiivasculai and peiicellular spaces in this senes of fatal 
inj lilies to the head (fig 11) 

The question of hov the fluid leaches these spaces appears to be 
the crux of the whole mattei in seeking to explain edema of the brain 
from any cause If a potential communication between the perivascular 
and the pericellular spaces exists, as Weed ^ would haie one believe, 
It IS conceivable that cerebrospinal fluid may be forced down the peri- 
vascular spaces m a leverse fiom the noimal diiection and thus oveifill 
the pencellulai spaces This communication, howevei, has not yet been 



Fig 11 — Edematous substance of the brain, frozen section to eliminate arte- 
facts Definite pericellular spaces are present about many cells These spaces are 
enlarged and are believed to be filled with fluid following trauma To the left 
and above, an enlargement of a perivascular space is clearly seen Death occurred 
one hour after injury Hemato\}lin and eosin stain, X 335 

absolutel)'^ demonstiated On the othei hand it would appear that 
edema of the brain may not be essentially different from edema occur- 
img after injury in any othei tissue of the bod} May not fluid pass 
diiectly thiough the semipeimeable membranes lining the smallest capi 
lanes into these perivascular spaces, under both normal and pathologic 
conditions 7 In case of injury may not the amount of accumulating 
fluid be increased, thus giving rise to distention ot both the perivascu ar 
and the pericellular spaces ^ If such a condition exists, and theoretica } 
there is no reason why it cannot exist in the brain as m an} otier 
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tissue, no assumption of the leveisal of the direction ot the flow ot 
fluid m the penvasculai spaces would be necessaiy One could assume 
that the fluid passes in increased amount dnectly thiough the semi- 
permeable wall of the vessel, distending the penvasculai and peiicellular 
spaces, and continues to flow back towaid the subaiachnoid spaces 
where it is absoibed in the usual channels 

In papers to follow, the changes outlined will be taken up in greater 
detail 
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A LIVING BONE SUTURE 
G W LEADBETTER, MD 

WASHINGTON, D C 

Dela}ed union and nonunion in fractures of the long bones has 
for }ears been a fertile field for imestigation and the source of much 
thought b} surgeons specializing in conditions of the bones and joints 
l\fany theoiies as to the cause of the aforementioned conditions have 
been advanced Chief among them should be mentioned fl) insuffi- 
cient immobilization b}' improper splinting, (2) infection, either primary 
due to compounding of the fractuie, or secondary, due to lack of 
aseptic technic at open reduction, (3) preiious or concurrent organic 
disease, such as syphilis, tuberculosis, etc , (4) general asthenia with 
low metabolic rate and diminution m the cellular and hemoglobin con- 
tent of the blood, (5) the lowered calcium phosphorus content of the 
blood as determined b}'’ laboratory methods, (6) interposition of tissue, 
such as muscle, fascia, fat, etc , (7) the type of suture material 
selected for internal fixation, such as various forms of catgut, kangaroo 
tendon and all metal fixative agents Aftei studying the numerous 
textbooks on fractures and dislocations, one finds that this problem of 
delayed union is passed ovei in a more or less perfunctory manner, 
and little attempt is made to lay emphasis on minimizing the risk of 
delared union and nonunion by the selection of proper material for 
internal splinting and on the necessity of studying the patient as an 
organic whole One should mention here the research of Peteisen of 
Johns Hopkins, in which he studied the calcium-phosphorus con- 
tent of the blood and was able to predict nonunion in those animals 
which showed the percentage of these chemicals below a certain lei el 
This may explain some of these cases, but the mechanical factors of 
improper fixation and disturbance of cuculation m the fragmented ends 
IS another problem 

Nonunion and dela}"ed union follou operative inten^ention in a far 
higher percentage than in the nonoperative type For many lears 
without due thought and consideration, surgeons have been prone to 
lay the disastei at the door of the artificial suture as the inciting cause 
The experimental work of Grores, published in the ButisJi Joioua o 

' Submitted for publication, June 5, 1930 

'^'From the H\gienic Laboratory of the United States Public Health ,-erMC , 
Washington, D C 
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Smgoy (1913-1914), which discusses the opeiatue mteivention in 
fractures, leads one to the definite conclusions that 

1 Sepsis IS not an infrequent result in the hands of the aveiage 
surgeon 

2 Nonunion and delayed union result in about 40 oi 50 pei cent 
of all fiactuies so treated This is due to the inteifeience of the 
circulation in the ends of the bone fragments, affecting chiefly the 
ineagei ciiculation of the periosteum, and thus pi eventing the foimation 
of early callus 

3 The use of absorbable sutuies, absorbable pegs oi absorbable 
bone plates fiequently brings about delayed union, because these sub- 
stances bleak, fractuie or bend before sufficient callus has been thrown 
out to immobilize the fragments satisfactorily Gioves also stated 

The periosteum is the product and not the mother of bone, all osteogenetic 
properties of the periosteum, whether in repair of fractures or in grafting, are 
due to the presence of the outer layer of the bone cells adherent to its deep 
surface Living bone is the chief source and origin of callus which grows 
mainlv from its outer, or periosteal surface, to a less extent from its deep or 
medullary surface and its cut ends 

This quotation offers the suggestion that peiiosteal callus is impoi- 
tant in the early stages of bone lepair 

An account of the leseaiches of McEwen in his study of bone 
repair, and of Johnson in the Journal of Bone and Joint Suigeiy, July, 
1927, in which both of these writers assert that the heaviest and strongest 
callus IS till own out b}' endosteal and medullaiy bone, gives one an 
excellent picture of peimanent and film union The studies of these 
thiee men, Gioves on the one side and McEwen and Johnson on the 
othei, do not diiectly contradict each othei foi the one is dealing with 
eaily prolifeiation and lepaii of the bone, the others with late repair 
and peimanent union The fixation of fiagments of lione by early 
periosteal piolifeiation wall aid mateiially in inci easing cuculation, and 
hence wall act as a stimulant to the permanent and stiong endosteal 
callus This conclusion w'ould seem to obtain in those cases in wdiich 
laige drill holes aie utilized and steel screws, kangaioo tendon or steel 
waie aie used foi fixation 

In leviewnng scAcnti-six cases of open reduction of the long bones 
at the Eineigency Hospital m Washington, D C from October 1926, 
to Octohci 1928, one is impiessed with the high percentage of nonunion 
and delaied union One must rcmembei howcier that these patients 
w'eie opeiated on b\ a laiieh of general surgeons and the percentage of 
dclaied union and nonunion is probabh higher than that of a well 
organized fiacture clinic 
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Onty nine of these open reductions weie followed by sepsis, and 
theiefoie the lack of healing of the fractures cannot be laid to improper 
aseptic technic A large number of the ununited cases of fracture of 
both bones of the forearm is outstanding In all of these cases, since 
sepsis was negligible, the delay was due either to the use of foreign 
suture mateiial oi to ineffectual immobilization by improper splinting 
The comparison is striking, presenting 82 per cent delayed union and 
nonunion in the cases in which suture was employed as contrasted with 
13 per cent m which it was not used The types of suture used con- 
sisted entirely of kangaroo tendon and silver wire, no plates being used 
In the analysis of this gioup open operation on the humerus showed 
no single case of dela) In fractures of the tibia, those of the lower 
thud weie conspicuous, there being 42 per cent in which suture was 
employed and 20 per cent in which this procedure was not used The 
femui showed a dela}'^ in 25 per cent of the cases in which suture was 

Table 1 — Data on Scz’eittv-Sii Cases of Open Reduction of the Long Bones 


Radius and ulna 

Sutuied 

Tjnsutured 

Tibn 

Sutured 

Unsutured 

Humerus 

Sutured 

Unsutured 

Femur 

Sutured 

Unsutured 

Clai icle 

Sutui ed 
Unsutured 


Total 

Union 

Konunion 

11 

2 

9 

15 

13 

2 

17 

9 

8 

5 

4 

1 

4 

o 

1 

2 

2 

0 

12 

9 

S 

1 

1 

0 

8 

S 

0 

0 

0 

0 


Total 



Nonunion, 

Nonunion 

Sepsis 

per Cent 

per Cent 

0 

82 

43 

2 

13 


4 

42 

41 

1 

20 


0 

25 

10 

0 

0 


2 

23 

23 

0 

0 


0 

0 

0 

0 

0 



done, zeio m those in which it was not done Not a single case of non- 
union of the clavicles was observed 

Routine roentgen studies shoived no early peiiosteal callus and little 
endosteal callus at the end of several weeks The bones were atrophied 
and the fragmented ends eburnated It is noted that the greatest per- 
centage of nonunion occurred in bones of the forearm, although the tibia 
and the femui aie fairly frequent offenders 

Wiling and suturing practically have been discarded because of such 
untoward results The cause ma} partiall}' be explained by the reasons 

1 The medullary cavities of the ulna and the radius are small 

2 The peiiosteum and cortex aie thin 

3 The insertion of any foreign sutuie interferes considerably mth 
the blood supply in the ends of the fractured fiagments 

4 It uould appear that good apposition of the fragments is ah 
lutely necessaiy foi satisfactory repair of a fracture and to mninn 
the chances of delayed union and of nonunion 
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5 Proper fixation is one of the fundamental principles, but this is 
often difficult to obtain, e\en with immobilization of the joint abo^e 
and below the break , this is especialty true of the bones that are sur- 
rounded by muscles of considerable strength and length 

6 Adequate blood supplj'-, both periosteal and medullar}*, should be 
preserved as carefully as possible Gro\es, m discussing this, stated that 
the cortical bone adjacent to the periosteum is one of the prime factors 
of union, while Johnson, McEwen, Bro\Mi and Brown, and others 
expressed the belief that the repair is largely endosteal and medullar} 
In 1908, Axhausen stated that repair ^\as both endosteal and periosteal 

7 In Older to stimulate the blood supply, early mobilization of the 
fiactured extremity is the proper procedure This should be done as 
soon as is consistent with safety m maintaining the position of the 
fiagments It would seem, therefore, that an early callus sufficient to 
maintain fixation of the fragments would be ideal 

These aie the cardinal principles of the treatment of fractures so that 
lepair may take place m as short a time as possible and the dangers of 
nonunion ma} be minimized 

The necessity of internal fixation in a large number of operative 
cases is paramount It would seem to follow from the foregoing facts 
that the sutures used heretofore, especially in the bones of the forearm 
and the tibia, have been unsatisfactory Because of the importance of 
such a high peicentage of dela}ed union m operative cases m which 
suture was used and the lelative scarcity of dela}ed union m fractuies 
uell reduced by closed i eduction or m open i eduction without suture, it 
would also seem that an autogenous suture of some material would be 
the one of election Siher wne, catgut, kangaroo tendon plates, lione 
plates screus and bands all ha^e a tendenc} to interfere with circulation 
to cause alisoiption, to unite infection, and m some instances to make 
for insufficient immobilization Fascia lata has been used as an autog- 
enous sutuie, but it lacks the quality of stimulating earl} callus foi- 
ination 

The qualities of the ideal bone suture should be as follows 

1 It must be strong, i e , strong enough to maintain position ot 
the 1 educed fiagments in the face of the muscle pull exerted on them 

2 It should be eas} to obtain with the minimum loss of function to 
the pait fiom which it is excised, and should svibject the patient to as 
small an mciease in opciatne risk as possible 

3 It should be nonirritating in order to minimize the chances oi 
Sepsis 

4 It should be autoijenous since an autogenous tissue will nut 
mterlcic with the blood supph but rather will tend to increase it in 
the parts to which it i-- giafted 



758 


ARCH IT' ES OF SURGERY 


5 It should be osteogenic by virtue of its own properties in the bone 
fiagments in oider to aid eaily fixation by the foimation of early normal 
callus 

6 It should be of such a nature that it is easily inserted 

In the physiologic laboratory the tensile strength of the following 
sutuies was taken chioinic catgut nos 2, 3 and 4, kangaioo tendon, 
medium and heavy, and living peiiosteum The tensile strength of 
silver wile, annealed iron or of twisted bronze wire was not tested, 
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Fig 1 — Relative tensile strength of absorbable materials plaeed in physiologic 
solution of sodium chloride at body temperature 


because then tensile stiength is a definitely known quantity It is always 
constant in the brand of wiie used and is much greater than any of the 
absoibable sutuies Figuie 1 shows the lelative tensile strength of these 
absorbable materials 

The materials used weie as shown All of these substances t\ere 
placed in physiologic solution of sodium chloride at bod} temperature 
and weie allowed to remain there over a period of several hours, 
in some cases as long as forty-eight hours The breaking strength o 
these substances was determined at varying intervals, the simp e 
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dynamometer scale being used and a load of weights sufficient to 
rupture the sutures applied The diameteis of the various materials 
were obtained by a micrometei screw and a cross-section area easily 
determined from these figures The tensile strength of the substances, 
that IS, the load sufficient to rupture a cross-sectional area was com- 
puted The results were interesting, showing that all of the absorbable 
sutures had a definite diminution in their tensile strength, that diminu- 
tion being diiectly proportional to the tune of contact with the physiologic 
solution of sodium chloride All the catgut and kangaroo tendons were 
strikingly hygroscopic and increased their diameter by as much as 
100 per cent in many instances The periosteum alone survn ed the long 
period of hydration and showed no change in its tensile strength or 
its diameter 



Fig 2 (rabbit 1) — A. roentgenogram taken one week after fracture showing 
the unsphnted bone with extensne hemorrhage into the soft tissues, and no 
eiidence of bonj proliferation 

The foregoing experiment explains the conditions which are often 
seen following sutuiing of a fracture with an absoibable material The 
catgut 01 kangaroo tendon, being lugroscopic, absorbs the tissue fluids 
about the site of fracture and is rapidly weakened b\ this plnsical 
propcit} Its tensile strength is much diminished, and the muscle pull 
IS sufficient to bieak the fixatue agent and allow a displacement of the 
iione fragments fiom lort\ -eight to sc\ent\-two hours after operation 
The occunence ot this phenomenon is well known to all surgeons The 
peiiosteum when treated expenmentalh m this fashion shows no 
tendencx to absorb fluids and since it is an autogenous tissue, should 
not do so 111 the human bodx , therefore its tensfle strength should not 
be diminished in an\ wax 
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Histologically, the periosteum consists of thiee layeis 

1 The thick fibious coat, which contains the blood suppl) and lends 
piacticall}^ all of the stiength to the tissue 

2 The middle, elastic layei, containing chiefly the lymph supply 
This is a thin layei and is the tissue which peimits the enhance of the 
external blood vessels to the coitex of the bone and allows a free bathing 



Fig 3 (rabbit 1) —Section stained b}^ the silver method of Lillie, se^en days 
after operation The black is calcium, there is earlj bom callus vith an ear y 
calcification of the cartilage 


of the osteogenic layei in the l}m 2 fli, thereb} furnishing nounshment to 
the osteogenic cells until they establish contact with the mother b 
3 The inner osteogenic layer which many histologists do not 
belongs strictly to the periosteum Whethei this is true or not us 
logically, one can, wnth a little care, easily lemoie small scales roin 
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outer cortex of the bone with the fibrous periosteum It is to these 
cells that w’e look for the osteogenic properties of this tissue 

The periosteum is an autogenous tissue and theiefore nonirntating 
by virtue of this same propert}, it is nonhygioscopic, and as has been 
shown by the laboratoiy experiments previous!} mentioned there is no 
tendency to diminution of the tensile strength 

The periosteum is easil} obtained from the anteiior suiface of the 
tibia , here it is thicker and stronger, and hence the valuable osteoblastic 
cells are leadih obtained This tissue can be lemoved wnth the minimum 



Fig 4 (rabbit 1) — Section stained b\ the siher method, seren dajs after oper- 
ation taken at tlic outer portion ot the cillus Some calcification is seen in the 
cartilage, but none in the fibrous tissue 


amount of dangei to the patient as the wounds m this region aie super- 
ficial casih dicssed and heal readih with ordmarx aseptic technic 
Theie is no moic iisk ot an aseptic wound under these circumstances 
than following fascia lata excision which is used as a In mg suture in 
a hige number of pla-tic operation^ 

The penosteum ib ea«il\ inserted The technic for this txpe of 
suture IS no more difficult than is the technic for am other material 
It has osteogenic properties It is osteogenic it one is careful to 
letnoxc small shaMiig-, of conical bone with the fibrous periosteum The 
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long-standing controversy as to whether periosteum is osteogenic is still 
apparently unsettled Many valuable researches have been made on 
this subject, and many men of note have expressed diversified views 
Such men as Ollier, Frankenheim, Lubenhoffer, Carrel, Axhausen, and 
Haas have championed the cause of periosteal proliferation m free 
transplant Can el stated that periosteum can be grown in the mediums 



Fig 5 (rabbit 1) — Section stained by the silver method, se\en days after 
operation , higher power The cortical bone is densely stained JIaiiy boii) 
lamellae are seen between which are innumerable blood spaces The lame ae 
are young because their margins are irregular 

of the laborator} , and the fairly recent work of Canti, who has recorded 
his work by means of the cinema, leaves no doubt that the osteob asts 
of the inner lajei are not onlj monoblastic cells, but multiply rapi y 
m the pioper surroundings Lubenhoffei goes so far as to saj ti^ m 
free bone tiansplants the bone dies, but the periosteum Ines aa. 
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modified his earlier statement, and said that periosteum piohferates best 
when opposed to cortical bone Those who nould contro\ert these 
statements are somewhat m the mmorit} , chief among them is Barth, 
who stated that all bone degenerates when freely tiansplanted Browm 
and Browm, in a large senes of experiments, armed at the conclusion 
that It did not Ine when freely transplanted, and that it was not neces- 
sary for the life of the bone McEwmn stated that all legeneiation of 
bone is endogenic, W'hile Johnson is inclined to agree wnth the experi- 
ments of Browm and Browm that the periosteum is not essential to the 
life or health of bone, because the periosteal blood supph penetrates 



Fig 6 (rabbit 2) — A rouitgenograin taken t\\eiU\-one da\s alter operation 
sboning the nnsplintcd bone, nitli a bone \n\ niedullari plug There is marked 
callus, mostU periosteal 


but a small poition o* the coitev flic largest blood supph comes b\ 
wat of the nutiicnl and metapheseal arteries 

In the piesent brief for the periosteal suture, it matters not whether 
or not periosteum regenerates when irech transplanted One con- 
clusion of all men who ha\e done research on the subiecl ol periosteum 
IS tint periosteum grows best when m contact with bone, th.it it 
regenerates carh m fracture repair therein aiding blood ^upjiK md 
fixation It is this carh piriosteal callm that n the coineeor of 
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inci eased blood supply to the fiactured aiea, thus supplying increased 
nourishment foi the foimation of the strong endosteal callus which 
appeals later The essentials for its maximum value in its use as a 
sutuie aie strength and the maintenance of strong proper fixation of 
the fiactured bone to allow a good contact as early as possible and thus 
to enhance its osteogenic function in those cases in which nonunion is 
most probable and most common It ivas from these facts and with" 
the thought that it might be a desirable suture for certain types of 
fracture that the following experimental work was undertaken 



Fig 7 (rabbit 2) — Section stained by the silver method, twenty-one dajs after 
operation , higher power magnification There is cancellous bone, periosteal in 
character, and early calcification of the cartilage 


This study was made not so much to deteimine whethei oi not 
peiiosteum Ined in free transplant, oi whether or not it was the main 
factor in the healing of fractures, but rather to determine just what its 
reactions v ere under the abnormal conditions of fracture in simp c 
cases and in those fractures in which some substance was interposec 
betv een the ends of the fragments, as ivell as the effecu of proper ant 
improper splinting This study was also made to determine w la 
occurred wdien a broad section of periosteum w'as transplante 
an area wnthout direct bone apposition except at the ends o t ic t,ra 
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MATERIAL AXD METHOD OT EXPERIMCXTAL WORK 

In all of these experiments rabbits were used, because tbej were found to be 
less susceptible to ordinarx infections due to breaks in technic, and because the 
period of repair of rabbit bone is short In all cases the tibia was the bone ot 
election The metliod used was to fracture the tibia manualh before exposing 
the bone This allowed a sequence of erents to take place such as would nor- 
mally be expected following a simple fracture, namelj, comminuted and other 
birarrc tjpes of fracture, hemorrhage from the fragment ends and the possibilitr 
of damage and injury to the soft tissues surrounding the bone The periosteum 
was utilized m different cases, as w' 11 be showm in the protocols, m order to 
determine just what its reaction presented In some instances the medullar}' 



Fig S (rabbit 3) — A rouitgcnograni taken twent}-six da %5 after operation 
sliouing the splinted bone, no bone wax was used There is heaw jicnostea! 
and some carh endosteal, proliferation 


ea\it\ was plugge'd with bone w ix and the periosteal flap earned across the 
point elf Jracltirc, cire alwais being taken to oiiposc the osseous surface ot the 
periosteum at its point ot eomact with the cortex of the tibia Skin clostin was 
made m the usual wa\ with plain 00 oitgut In some cases the kg was splinted 
elTeetudh inimobiiized in coaptation splints or heaw adliesue plaster cists m 
others It was bandaged looseU with gauze The animals were allowed to moie 
ibout irech In no ci^e was there ana caideiice ol sip-is at autopsi Tlie-c 
rabbits were all he dth\ and hid not been U'-ed lor in\ other experimental purjsjs^^s 
Koeiiteeiiograms wm inKtii oi d! the ribbit- on wnieh amnps\ v as penorme.l 
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wjth the exception of rabbit 1, which was killed at one week and rabbit 4 
which was killed at twelve days after operation , the others n ere allowed to live 
for three and four weeks Longitudinal and transverse sections were made and 
stained by three methods the silver impregnation method of Lillie, the hema- 
toxylin and eosin stain, and the van Gieson 

RABBIT PROTOCOLS 

Rabbit 1 — The tibia and fibula iiere fractured manually at the junction of 
the middle and upper third The leg was not splinted, and the rabbit was killed 
at one week without operation 



Fig 9 (rabbit 3) — Section stained by the silver method The cortical bone 
shows a very late callus, both the periosteal, the lamellae of which are denseh 
calcified, and the endosteal, which is partly calcified The periosteal callus is verN 
vascular 

The roentgenogram showed an early callus formation consisting largelj of 
hemorrhage, but with no definite bony proliferation The fragments were m 
poor contact, and there was considerable angulation 

A microscopic section, stained mth hematoxylin and eosin, showed a definite, 
early periosteal callus, with the osteoid tissue close to the bone and large masses 
of cartilaginous tissue which were slowlj' being iniaded by the bone lame ae 
Around the lamellae were large numbers of osteoblasts There nas no e\i en^ 
whatsoever of any endosteum at this stage The silver method of staining s low 
calcium salts deposited about the ends of the bones, entirely periosteal The cir 
culation of the proliferating periosteum was most abundant 
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Rabpit 2— The tibia and fibula were fractured at the junction of the middle 
and upper third After a subperiosteal resection, which was done as completely 
as possible, the ends of the bone were plugged with bone wax and the usual 
closure made, the periosteum being allowed to fall back into as nearlj a normal 
position as possible The leg was not splinted m any waj 

A roentgenogram taken twenty -one dajs after operation re\ealed an o\er- 
riding of the fragments with no end to end contact There w'as, how’e^er, a fairh 
considerable bony callus extending from the end of one fragment to the side of 
the other and also filling up the space between the dislodged fragments It w^as 
impossible to differentiate betw'een endosteal and periosteal callus 



1 ig 10 (rabbit 4) —-A roentgenogram of the unsphnted bone taken twci\e 
daas after operation No bone wax was used Earh periosteal, but no endosteal, 
callus IS seen 

\ microscopic section, stained b\ the sihcr imiircgnation method, showed a 
definite and thick section of osteoid liseue growing from the cortical bone The 
periosteal callus under this method of staining rcatalt'd a 1 irge content of calcium 
salts and w is extremeU eascular, being filled with large blood spaces \t the 
outer side of this was a thick fibrous laeer 

The outer coat of the periosteum in the other section taken iranseerseh 
showed esscntialh the same picture, eveept that m one field it sfiowed an c I’-h 
tepe of osteoid tissue which had not act become calcified 
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Under high power magnification, this same field in the early tissue, before 
calcium salts had thoroughly impregnated it, showed a definite matrix lined with 
calcium containing osteoblasts and all through the matrix itself were large 
numbers of black-stained cells 

The same sections stained by hematoxjlm and eosm showed the same picture, 
the calcium taking the deep hematoxjlm stain and being lined with a large 
number of osteoblasts 

In none of the sections of this rabbit was I able to pick out the formation 
of endosteal callus 

Rabbit 3 — This rabbit ivas treated in the same manner as rabbit 2 except 
that no bone wax was interposed The periosteum was resected at its inferior 
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Fig 11 (rabbit 4) — Section showing early periosteal callus adjacent to the 
cortical bone with large blood spaces While the calcification is heavy, the lamellae 
are immaturely developed 


and superior attachments, the ends reversed and inserted m drill holes in either 
fragment The leg was firmly splinted 

A roentgenogram, taken at autopsy twenty-six dajs after operation, showed 
the bone to have thrown out a large amount of callus It was in good line in 
the lateral view, but m the anterioposterior view it had some medial angulation 
There vas a definite bridge of periosteal callus in both the medial and latera 
sides of the tibia with a filling in of the spaces between this callus and the mam 
cortex by firm bone 

The bones were firmh united chnicalh, and the rabbit was able to mo\e 
about normalh 
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Rabbit S — A long incision was made over the medial portion of the tibia, 
extending above the knee joint A long periosteal flap was then turned upward 
outside the capsule of the knee joint and fastened in a drill hole just above the 
medial condyle of the femur There was no bony contact of the periosteum, 
except at its attached ends The leg was thoroughly splinted after the usual 
closure had been made Autopsy was done twenty-eight days after operation 
A roentgenogram taken directly after autopsj showed a definite periosteal 
bridge extending from the upper third of the tibia, around the capsule of the 
joint to the lower third of the shaft of the femur 

Transverse sections made through the condyles of the femur showed the 
compact bone of the condyle and the cancellous structures within, the fibrous 



Fig 13 (rabbit 5) — A roentgenogram taken hventy-eight days after operation 
showing the splinted bone Periosteal proliferation is seen along the line of the 
graft, outside of the medial capsule of the knee joint 


tissue of the capsule interposed between this condyle and a definite periosteal 
graft lying medial to this region 

Rabbit 6 — The tibia was fractured after open operation, and the medulla vas 
plugged with bone wax The periosteum w'as left intact except for the long 
incision through wdiich the subpei losteal resection was done This leg was not 
splinted Autopsy was done twentj -eight days after operation 

A roentgenogram showed poor position and periosteal proliferation 
Transverse sections taken through the area of fracture showed no eiidence 
of endosteal callus, but a marked periosteal reaction, rather late because of muc 
calcification 
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R\BnT 7 — This animal nas treated e\actK the same as rabbit 5, except that 
no mnTiob)h?mg splint was applied 

A roentgenogram showed no calcification m the region of the transplant 

The microscopic sections showed no e\idcnce of anj periosteal graft 

Conclusions — 1 A pciiobteal graft, incktdtng small fiagments ot 
coiticai bone, Ines and proliierates when opposed to autogenous bone 
m situ 

2 Penoslcum is an earl} piolifeiatne agent in the healing ot 
fiacturcs 

3 Splinting afiects the formation of peiiosteal callus inateiiall}, 
since peiiostcum is much more dense and tends to piohferate more 
actnch m those cases which aie caicftilh splinted and immobili/ed 

4 Endosteal callus appears relatnelv late in the healing of tractuies 

5 Endosteal pi oh fetation adrances moic rapidly and forms a 
hiinei union when fixation is stiong and when stimulated b\ an abun- 
dant, call} peiiosteal callus 

T \iit r 2 — Data on CakiUcalton in Sez i n Rabbits 


Rabljits '1 'inc, Dm s 

I Not 'plinlcd 7 

11 Xot =plint< d, iTicouUuti plug 21 

ill Splinted, no bone w ax 

I\ Xot oplinlod 1’ 

\ Splinted 2S 

M Xot 'piintcU, incdullnri plug is 

\ II Xot '■plmled 2S 


l\pc ot CallU'- 

1 nrl\ pi nocti -il, but no endosti i] callu® 

1 urh pcnoi-tenl reaction t deification ol t ir 
tihgc, no endosteal ralUi'; 

Ilcaii perioi-ti il, md 'onio carlj cndosti il 
c d!u« 

Xcri enrl> periosteal, but no endo'toal cillii'' 
ferlosteal proliler ilion 
late perlo'-tenl cillui- lull caleillcd, no endo 
cteal callii*- 
Xo periostea! f,raft 


1K\CTLKL IX' IILMXX PriXCS 

I haxc had an opportunit\ to attcmjit the peiiosteal suture m 
scttiai ca‘-es of tiactuie m human beings Eccau«e of the experimental 
natiiie ol the woik caie had to be taken m the selection of cases and 
an attempt was made to detcimine whether oi not the peiiostcum had 
the piojieities tksiiable ini an internal sutuic foi fractiiies of eertam 
bones Se\tra! ea-'Cs ot iraeture of the olecranon were selected m an 
elloit to (kteimiiie the lollowmg points (1) whether it would hold 
the liagiiieiits in posuion ( 2 ) whether it would problcrate as a sutuie 
ind (3) whethei it would aid in k-suimg the period ol fixation norm.d 
loi the heahnu ot that particular iraetnre 

1 he petuisteal svuure was utilized in one case ot ununUed fracture 
111 the lumieius to hold the fragment- m apjvi-ition alter a step-cut 
oper itiun w is uteinpted It was al-o n-ed m one ca-t ot del ned union 
m the till!' i hioid fi ip oi the ])erio-teum being niib/eo It lii- been 
Used m Idle ci-e of dela\e(l unum in iruture oi the ulna In -eier.d 
e i-e- Ol ir'etuu ui tlu okcranidi utenipi- we’-i m 'dt o; ti-i Jn 
l>eiu>-te l! -’Ume 
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The operative technic is that of the insertion of anj suture material The 
fracture itself is first thoroughly exposed, the periosteum from the fragmented 
ends IS carefully elevated from the shaft, and the direction in which the suture 
is to be applied is then decided on Drill holes are carried through the shaft m 
the desired direction A long incision is then made oi er the flat surface of the 
tibia, care being taken to incise only through the skin and subcutaneous fat One 
should be extremely careful to preserve intact the outer coat of the periosteum, 
as It IS this layer which lends its strength to the suture With a sharp knife 
an incision is made through all layers of the periosteum down to and including 
the superficial layer of cortical bone The strip should be from three-eighths 
inch to one-half inch in width, and as long as is necessary for the suturing of the 
bone fragments under operation With a sharp elevator the same width as the 



Fig 14 (rabbit 5) — Section stained by the silver method twenty-eight days 
after operation A shows the condyle of the femur, B, the capsule of the joint 
and C, the periosteal graft which has proliferated extensively 


strip to be removed, the periosteum is carefully elevated from the bone with a 
rotating motion of the wrist and with firm pressure to insure removal of the 
small fragments of the outer layer of the cortex, for it is in this tissue that the 
proliferative qualities exist The osteogenic-periosteal suture is then placed in 
warm salt solution for preservation, and the site of the fracture prepared for 
its reception Small silver probes with specially devised ejes are utilized as the 
carriers and the suture carefully drawn through the previously made drill holes 
The method of the insertion of the suture does not matter as long as it counter- 
acts the natural tendency for displacement of the fragments The figure-of-eig t 
suture is an adequate method for fixation The suture can be readilv tied i t le 
slight amount of natural elasticity which exists in this tissue is taken up, this is 
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easily determined by short experience After the suture is in place and has been 
tied, care should be taken to flatten out and oppose the osteogenic surface of the 
periosteum to the cortex of the fractured bone If there is any doubt concerning 
the fixation of the knot, one suture of chromic catgut no 2 may be passed 
through It and tied firmly, thereby preventing slipping Following this, the peri- 
osteum which had previously been stripped from the bone is sutured over the 
transplanted graft Closure is made in the usual accepted manner and the proper 
splint for the fracture under operation should be applied 


REPORT or CASES 

Case 1 — J G , a young colored man, had an untreated fracture of the 
olecranon which had occurred three months before There was some separation 



Fig 15 (rabbit 6) — A roentgenogram of the unsplinted bone taken twenty- 
eight days after operation The bone wax medullary plug was used In the 
anteroposterior view there is some periosteal, but no endosteal, proliferation 

of the fragments and no bony union He uas unable full} to flex and extend 
the arm 

At operation the olecranon uas exposed in the usual manner, and fibrous 
union was found to have taken place The fibrous tissue from between the frag- 
ments was carefullj removed, but no curetting of the medullary cavity was done, 
nor was there any resection of the eburnated ends A periosteal graft was 
remoied from the tibia and inserted in a side to side figure-of-eight Union was 
secured in the length of time normal to a fresh fracture Ten w'eeks aftci 
operation the patient had the full use of his arm with no diminution of power 
Roentgenograms taken weekly during his comalescence showed a definite and 
steady increase in the proliferation of the graft No medullary callus could be 
made out 
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Case 2 — G , a young white woman, suffered a fracture of the olecranon in an 
automobile accident There was some separation of the fragments, and operation 
was deemed advisable 

At operation the usual e\posure was made with a periosteal suture passed 
thiough the posterior cortex of bone through the medullary canal, and tied 
posteriorly Splinting consisted of fixation m a posterior metal elbow splint with 
the arm in about 45 degrees of flexion Convalescence was uneventful, and at 



Fig 16 (rabbit 6) — Section stained by the silver method twenty-eight days 
after operation The cortical bone is seen with an extensive, well develope 
periosteal callus , no endosteal callus is present 

four weeks union was complete with definite evidence of periosteal proliferation 
Actne physiotherapy has been started and the patient is well on the roa o 
recovery of complete function 

C’lsn 3 — M W, a 3 'oung colored girl, fell off the curbing, fractured her 
olecranon and displaced the shaft of the ulna anteriorly 

Operation vas done, and a periosteal suture inserted because o 
of the base of the olecranon process It was thought wise to pass e 
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from side to side through the fragments of hone This did not afford the proper 
fixation for the anterior displacement of the shaft, and it would have been better 
m this case to have laid the suture m the figure-of-eight m order to fix both 
displacements 

A roentgenogram made four days after the operation showed the shaft to be 
displaced slightly forward The patient was taken to the fluoroscopic room, and 
the shaft forced backward to its normal position 

The bone fragments were in good position with fixation fairly firm after three 
weeks 

Case 4 — W S, a colored man, fractured the olecranon and suffered slight 
skin abrasions in an automobile accident Following his injury, a strepto- 



Fig 17 (rabbit 7) — A roentgenogram of the unsplmted bone tventy-eight 
da>s after operation showing no evidence of periosteal graft transplanted around 
the knee joint 

coccic cellulitis of the arm dei eloped and was treated In spite of the wude 
separation of the fragments, it W'as deemed inadiisable to operate m the face of 
this infection Four weeks after the accident, when all clinical e\idence of infec- 
tion had subsided, open operation was attempted 

The usual method of approach was used, and a periosteal suture inserted 
The olecranon was found to be rotated 90 degrees, but w-as easily brought into 
apposition and w'as firmlj fixed with the graft The incision o^er the tibn 
healed prompth per primum, but the incision o\er the elbow broke down m a 
few' daas and discharged the entire olecranon process The infection eaidenth 
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Fig 18 (case 3) — Roentgenogram taken before operation showing separation 
of the fragments and comminution of the upper end of the lower fragments 



Fig 19 (case 3) — Roentgenogram taken ten days after operation showing the 
suture in place, with good apposition and firm fixation 
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had destrojed the graft, and the olecranon process, which was obviously necrotic 
bone at the time of operation, was promptly thrown off as a foreign body After 
the evulsion of this fragment the uound healed, and at this date no further 
procedure has been instituted 

C\sE 5 — A M, a colored woman, w’ho one jear before operation fractured 
her tibia at the junction of the middle and upper third, had never had complete 
bony union, although the leg was strong enough to allow w'eight-beanng, but a 
small amount of motion could be made out at the site of the fracture The Was- 
sermann reaction w'as negative and the calcium and phosphorus m the blood 
showed no abnormal changes 



Fig 20 (case 5) — Roentgenogram taken at the time of fracture one jear 
before operation 

The site of the fracture and sercral inches more of the tibia was exposed 
The periosteal strip from the fractured edges of the bone and a flap as 
broad as the anterior surface of the tibia itself were turned up o\er the fracture 
site and sutured beneath the periosteum of the upper fragment The attachment 
at one end of the flap was left intact A small slit was made in this flap, and 
another was brought down orer the upper fragment and sutured into the peri- 
osteum ot the lower No attempt was made to imade the medullarj canty 
A roentgenogram showed some periosteal prolilcration with an increase in 
the medullarj callus after six or seren weeks 

This patient is now' able to bear her weight frech without pain and without 
sense of instabiht\ 
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Casf 6— a K, a white woman, one year before operation suffered a com- 
pound fracture of the humerus A serious infection ensued which cleared up with 
surgical treatment, but there was the characteristic picture of nonunion with a 
false elbow joint 

The roentgenogram showed the characteristic eburnated bone and a stnf^mg 
atroplij" throughout tlie shaft There \vas no evidence of any attempt at callus 
formation 

The step-cut operation was used Tlie atrophy of the bone ivas so great that 
the drill m passing through fractured a part of the cortex, breaking the step-cut 



Fig 21 (case 5) — Roentgenogram taken before operation showing fibrous 
union with good general alinement 

at Its base A periosteal suture was passed through both sides of the cortex 
above and below the cuts Because the elbow could not be flexed, the patient 
W'as put up in a Thomas arm splint with no traction and wuth the splint at 90 
degrees to the body 

Proliferation of the periosteal graft in this case was striking and early Fol 
lowing this, the medullary callus proceeded to form a permanent callus Six 
w'eeks after the operation, union w^as complete Since that time the function of 
the elbow has been materiallj' improved by physiotherapj% and the atropln o 
the cortex is much diminished 



Fig 23 (case 6) — Roentgenogram taken betorc operation showing nonunion 
and marked atrophj of the bone 
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A roentgenogram showed a slight deformity of the shaft due to the fracture 
of the step-cut, but the periosteal callus, which made its appearance early, 
undoubtedly saved this patient many weeks ofr invalidism by its fixative properties 
Case 7 — M, a colored man, suffered a fracture of both bones of the forearm, 
the lower third of the radius and the upper third of the ulna The radius was 
well reduced, but the ulna had been left in poor position and had not united 
Eight weeks after the original reduction, there was no bony union in the ulna, 
although the radius w’as firm 



Fig 24 (case 6) — Roentgenograms, lateral and anteroposterior views, taken two 
weeks after operation showing marked periosteal deposition and a fracture of 
the step-cut of the lower fragment 

At operation a periosteal suture was inserted after the bon\ fragments had 
been ivell opposed 

A roentgenogram taken one iveek after operation showed the fragmen s o 
be in good position 

Comment — From the foregoing experimental work and the clinical 
cases in which operation has been performed so far, it would seem tiat 
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Fig 25 (case 6) — Roentgenogram taken four weeks after operation showing 
heavy periosteal, with beginning endosteal calcification 
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the lole of the peiiosteum as a sutuie offeis a feitile field foi mvesfio-a- 
tion All the piopeities of this tissue have not been fully utilized, 
and the various researches which have been done on bone repaii have 
laigely attempted to prove the lelative value of endosteal and periosteal 
callus It IS not contended that the periosteum itself is the cuiative agent 
for fractuies, foi unquestionably the only permanent and strong repaii 
comes thiough the channels of endosteal or medullary callus, but this 




■£ 



Fig 27 (case 6) — Roentgenogram taken six weeks after operation slioning 
union complete and firm by both periosteal and medullary callus There is much 
less atroplw of the bone 

IS relativel) late in its appearance, and the necessity of a stiong, non- 
irritatmg, noncirculator}’’ disturbing suture for the purpose of producing 
an early fixation can readily be appreciated , even though the periosteal 
blood supply penetrates but a short way into the cortex According 
to Johnson, this must be of material aid in early repair of fractures 
One must recognize and difterentiate between early and late repair 
The suture alone cannot be depended on All the other well acceptec 
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methods of treating open i eduction should be stnctly adheied 
to, such as pioper aseptic technic, proper immobilization in splints oi 
plaster and earl}'^ physiotherapy in order to stimulate the blood supply 
fuither 

It IS not argued that the use of periosteal suture should be universal 
and applied to fractures of all the long bones One should select the 
cases with caie Periosteum is certainly not strong enough to hold 
fiimly m fiactuies of such bones as the femui or the tibia in laige 
persons, but it is most applicable to those fractuies of the radius and 
ulna which resist one oi two attempts at closed i eduction and those 
of the humeius in which some internal fixation is necessary In other 
words, the periosteal sutuie would seem to apply well to fiactures of 
the long, nomveight'bearmg bones Its use seems most desiiable in 
those cases, because fractures of the arm and of the foreaim always 
bung to the fore the question of ultimate utility in the joints adjacent 
to the affected parts Suigeons can appreciate the necessity for eaily 
mobilization of the wiist joint, the elbow joint and the shoulder joint, 
but frequently one is in a dilemma and feais to start motion in these 
joints because of the dangers of displacement If the callus of a 
periosteal giaft occurs as early as it appears to, one may start physical 
therapy at an earlier date than that ordinarily attempted in practice, foi 
though the bones ma}'^ tend to bend at the site of the injury, there is 
sufficient mteinal fixation by living osteogenic tissue to pi event a com- 
plete displacement of the fragments Periosteal sutuie seems to have 
the fuither advantage that if such a displacement should occur due 
to an inefficient splint, one can leadily reoppose the displaced fragments 
under the fluoioscope, still leaving the peiiosteal graft intact 

CONCLUSIONS 

1 Autogenous peiiosteum has a definite tensile strength which does 
not laiy when it is bi ought into contact with free body fluids 

2 It IS easilv obtained fiom the broad, anterior surface of the tibia 

3 It care is taken m the remo^al of the peiiosteum to elevate the 
small pai tides of the outer layer of the cortex, it is definitely osteogenic 
^^hc^ placed m contact with cortical bone 

4 Peiiosteum prolifeiates best uhen the grafted bone is thoroughly 
immobilized 

5 Its piolifeiation in immobilized bone is lapid and earlv 

6 It does not inteitere nith the circulation in the fragmented ends, 
but rathei mci eases the circulation of this region, thereby offerino- an 
aid to the formation of late callus 

7 The use of the periosteal suture allons mobilization of the frac- 
tuicd e\tremlt\ at an earh date 
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The siher impregnation method, a diflferential stain for calcium salts, has 
been recently devised by Dr Lilhe of the Hygienic Laboratory, Washington, 
D C Dr Lillie has been of invaluable assistance m studying the microscopic 
sections of the experimental work 

The roentgenograms and prints iiere all made by Mr Robert Brown of the 
Emergency Hospital X-ray Department Dr McPeak, roentgenologist of the 
same institution, supplied all of the rabbits and clinical cases in which roentgeno- 
grams were made 
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A ONE-STAGE COMBINED RESECTION OF THE 

RECTUM ' 

WILLARD BARTLETT, MD 

AND 

WILLARD BARTLETT, Jr, MD 

ST LOUIS 

A good suigical opeiation is conceived m an understanding ot the 
oiigm and method of dissemination of the disease It is an attack that is 
well planned with knowledge of the anatomy involved and with the 
expectation of a morbidity and moitality leasonably small in i elation to 
the lelief that ensues To the degree in which these fundamental con- 
ditions aie fulfilled does the opeiation approach the ideal In the light 
of new conti ibutions to the knowledge ot both normal and pathologic 
anatomy and physiology, one must at inteivals revaluate one's smgical 
procedures In so doing one leaiiis why methods once thought to be 
theoretically sound have pioved unsatisfactoiy m piactice, and one ma) 
plan foi the future on a moie certain basis of fact 

The surgeiy of caicinoma of the rectum was foi many yeais in the 
hands ot two diametiically opposed groups, the Geimans holding to the 
posterioi appioach and the Fiench to the combined abdominal and peii- 
neal, the American and English tendency was lathei m favoi of the 
combined procedure But information of outstanding piactical value 
was reported by Miles in 1920, and by Villemin, Huard and Montague^ 
111 1925, on the lymphatic drainage of the lectum They demonsti atecl 
that the channel of spiead flora the uppei pait of the lectuin (aboie 
the last valve of Houston) is towaid the abdomen, and that the channel 
tiom the lowei pait of the lectum is laigely downwaid, but m part to 
the groin and abdomen This woik was leviewed m a masterly dis- 
cussion of carcinoma of the lectum by Pfeiffei - He postulated five 
points on which theie is geneial agieement hy the proponents of both 
the combined and the posterioi opeiations 

1 In spite of the many instances of low malignancy and late metastasis obsened 
m cancer of the rectum, permanent cures have increased in number, pan passu 
Mth wider ablation of related tissue 

2 There is no debate concerning the liability to metastatic involvement of 
upward zone of spread m a certain percentage of cases 

Submitted for publication. May 17, 1930 

Read before the Annual Session of the Texas Surgical Societ}, San n oni 
Texas, Feb 4, 1930 

1 Villemin, Huard, and Montague, quoted bv Pfeiffer (footnote -) 

2 Pfeiffer, D B Ann Surg 76 374, 1927 
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3 From the sole standpoint of cure, therefore, there is excellent reason for 
including this area in the bloc to be removed 

4 In most cases, complete removal of this area can be carried out only by the 
aid of previous intra-abdominal mobilization 

5 Those who do not practice consistent and complete removal of this zone 
limit their procedures for other reasons than those which have to do with permanent 
cure, e g, mortality, morbidity, wider applicability, less frequent necessity for 
abdominal anus and a feeling that their results are practically as good 

The consider ation of these points has led most Ameiican surgeons 
of wide expeiience to adopt a combined opeiation, such as the Jones 
01 Coffey procedure, as giving the best chance of cure An operation 
the abdominal stage of which consists only of exploration and colostomy 
without mobilization of high lymphatic-beai mg areas for subsequent 
lemoval fiom below cannot be consideied to fulfil the lequirements of 
the combined opeiation Jones, while advocating the use of operations 
suitable to the strength of the individual patient, said ® ‘Tf we con- 
fine ourselves to an opeiation which can be used even on the feeble, we 
are not doing justice to those who can stand a moie extensive opera- 
tion ” The newer knowledge of the lymphatics explains the observa- 
tion that operations from below do not always affoid sufficiently h gh 
dissection, an added indictment to the too frequently occuiiing terminal 
gangrene of the bowel, paralysis of the bladdei, osteomyelitis of the 
sacrum and sacial hernia, chargeable to the Kiaske opeiation and its 
modifications As surgeons have famihaiized themselves with the tech- 
nic of the combined operation, they have tended to do it in one stage 
This IS desirable from the point of view of technic, since it avoids the 
occasional “blow-outs” occuiiing after the fiist stage Equally impoi- 
tant, since it applies to every patient, is the lowering of morbidit}'’ with 
considerable saving to the patient’s purse and morale We cannot agree 
with the statement that high moibidity is of no consequence in dealing 
with cancer We believe that it is of considerable importance to elderly 
patients whose chance of living for thiee years has only recently risen 
to 50 per cent under the most favorable cncumstances The present 
combined operation, when done in one stage, is a long one in the best 
of hands, and will cany a considerable mortality in the practice of those 
who are called on to do it only infrequently The chief cause of the 
difficultj^ and consequent slowness of the one-stage procedure lies in its 
fundamental proceduie of performing the most difficult part of the 
abdominal stage, the deep pelvic dissection, with the rectum and anus 
intact We propose to reverse the entire piocedure, and by first freeing 
the lowei segment, vastly simplify and shoiten the mobilization of the 
stuictuies leached thiough the abdomen 


3 Jones, D F Ann Surg 90 675, 1929 
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Before pioceedmg to the particulais of technic, we shall touch 
biie% on colostomy as a preliminary step Repoits by Rankin on large 
senes of cases of tumors at all Ie\els in the laige intestine have shown 
the sti iking reduction m moitality and the extension of opei ability 
accomplished by colostomy and the institution of a definite legiinen foi 
the lehabilitation of certain patients We are not committed to pie- 
hminary colostomy m all cases of cancel of the rectum and rectosig- 
moid In this lespect, patients are classified into thiee groups At one 
extieme aie those whose general condition is good and who do not need 
colostomy Opposed to these is the group who must have colostomy 
because of obstruction, fixation of tumoi or geneial depletion from 
pain, hemoirhage oi infection Between these extremes lies the gioup 
of patients whom one may or may not decide to explore with incidental 
colostomy on the suspicion of metastases to the livei oi the peiitoneum 
because of generalized tenderness or suspected free fluid An argu- 
ment m favoi of pieliminary colostomy in all cases is that if one per- 
forms It on a patient in whom theie seems to be no necessity for it, 
the deferring of lesection for three or four days is apt to be lepaid 
several- fold b}- one’s freedom to leave a clamp on the intestine much 
longer after resection, allowing complete primary union of the largei 
incision through avoidance of fecal phlegmon We feel that attempts 
at extensive exploration, pai ticulai ly of a site at w'hich subsequent opei - 
ation IS to be performed, do not repay us in the degiee to which they 
lender more difficult the latei piocedure Theiefore, in the presence 
of infection m a rectal cancel with its well known effect on the legional 
l}mph nodes and on the tumor itself, we look laigely to the uppei pait 
of the abdomen for evidence of more than local metastasis 

When pielimmaiy colostomy has been decided on, instead of the 
usual opening in the descending or sigmoid colon we make a fecal 
fistula in the ascending or tiansverse colon, since here, thiough the 
smallest opening, one can palpate the liver and detect cai cinoinatosis of 
the peritoneum and free fluid With the colostomy placed high on the 
light side, the subsequent operation is perfoimed through an abdominal 
wall on the pelvic colon and peritoneum undisturbed by previous manipu- 
lation and free from adhesions other than those of the disease itself 
The contents of the ascending colon being largely fluid, we do not need 
to bring a loop of bowel outside the abdominal wall, but on these patients 
we perfoim a lapid and shockless enterostomy which differs from that 
emplo}ed foi acute obstruction only in its location and accompan}in? 
exploration If the diagnosis has been made pieviously, the colostonn 
IS pei formed on the day of the patient’s admission to the hospital Its 
technic is as follon s 
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TECHNIC OF COLOSTOMY 

Phenobarbital, 15 grams (097 Gm), is given three hours before operation 
(unless the patient has acute obstruction and is vomiting) Under nitrous oxide, 
a vertical incision from 6 to 7 cm long is made well within the lateral border 
of the right rectus If the liver cannot be percussed below the nb margin, the 
upper limit of the incision should be made to within 1 cm of the nb The incision 
IS carried down to the posterior sheath and the peritoneum, which are opened onh 
enough to introduce an exploring finger The liver may be palpated, the visceral 
and parietal peritoneum visualized to a limited extent by manipulation and anv 
gush of free fluid detected If the colon is not readily identified and brought up 
to the peritoneum, the incision in the posterior sheath and the peritoneum is 
extended to the limit of the skm incision, and the location of the colon is more 
readily carried out The intestine is grasped m an Allis clamp, which is carried 
to the upper angle, and the peritoneum and posterior sheath are closed to within 
1 cm of the upper angle Retraction directly upward on the Allis clamp brings 
the wall of the intestine into the small opening remaining in the peritoneum, to 
which it is fixed by four interrupted sutures of 0000 silk, such as we use for 
closing goiter incisions, leaving the needle on the last suture The entire incision 
IS then flooded with 95 per cent alcohol, and the intestine is incised just enough 
to admit a guttered semistiff rubber tube, 1 cm in diameter, which is inserted 
to a distance of 5 or 6 cm and transfixed with the last suture used on the intestine 
The tube is cut off 2 cm beyond the level of the skm No sutures or dressings 
are used The stitch holding the tube may be cut after three or four dajs or 
be allowed to cut through 

We have not yet had to do a secondaiy closuie after an enterostoni} 
perfoimed by this technic After a period of about ten dajs a Pezzar 
catheter is inseited into the intestine and may be worn as long as it is 
desiied to keep the fistula open The incision closes m rapidly, and ive 
have had such tubes in place on thiee diffeient patients at the same time, 
all of them keeping entirely watertight The tube may be clamped off 
as desired to test the patency of the intestine below At the present 
wilting, one of our patients, a woman, has worn such a tube for foui 
months, with complete comfort The location of this incision varies 
somewhat with the habitus and previous intra-abdommal histoiy of the 
patient Since the transverse colon is so variable m location m the 
absence of inti a-abdominal disease, and is usually drawn down b}'- for- 
mer appendicitis oi upwaid b> cholec} stitis, judgment must be exer- 
cised as to whethei one should make a high rectus incision, as here 
desciibed, or a miiscle-sphttmg incision lower down to pick up the 
ascending colon The mam requirement is that one reach the colon as 
near the liver and as fai from the field of subsequent operation as 
possible 

The interval between colostomy and resection is regulated entirel} 
In the patient's condition Patients with obstructions, and depleted or 
b!ed-out patients must be fully restored Transfusions of blood are 
imaluable for patients not in normal condition for any reason Cleans- 



790 


ARCHIVES or SURGERY 


ing of the bowel by irrigations, so fai as it can evei be accomplished, 
takes only a few days in conjunction with a lesidue-fiee diet We have 
noticed that attempts to wash the colon through a high colostomy aie 
often unsuccessful with saline solution, owing to its absoiption en route, 
tap water, of course, goes through readily To the fruit juice and 
candy diet suggested by Rankin and Baigen, we add tea, coffee, juices 
of canned tomatoes and sauerkiaut, fruit ices, malt tonic (containing 2 
per cent alcohol) and any other alcoholic beverages, since the patients 
aie usually elderly Following resection, it is impoitant that this diet 
be continued until the clamp has cut thiough 

When the patient’s condition waiiants, resection is carried out 
accoiding to the following technic 

TECHNIC OF RESECTION 

Phenobarbital (15 grains) is given three hours before operation (a smaller dose, 
or none at all, is used if the patient is very thin or old, or has a low blood 
pressure) If a fecal fistula is present, it is packed and covered The patient is 
placed in a “broken- V” face position on the table, both the head and the feet being 
low He IS draped and prepared for the perineal stage, after all preparation is 
complete, the upper part of the draping is lifted and held away so that a spinal 
anesthetic may be inserted into the second or third lumbar interspace After the 
injection of the anesthetic, the spinal needle is left in place, its stjdet inserted 
to prevent further flow of spinal fluid, and a small soap dish or wire cage fastened 
over it to prevent change in its position during the course of the operation The 
drapings are returned to place The rectum is packed with iodoform gauze 
(1) to be used as a mold or cast for identification and (2) to prevent spilling of 
rectal contents in case of accidental injury The skin around the anus is cut in 
a circle and sutured over with a continuous stitch The incision is continued 
posteriori} in the midline up to the sacrococcygeal joint, and the coccj’-x is removed 
The steps of the tj^pical posterior operation are then performed, the lowest portion 
of the sigmoid is released by opening the peritoneum A wide, soft rubber tube, 
such as Mould be made by closing a Penrose drain at one end, is then drawn 
over the specimen and anchored high up with a few sutures for the sake of 
safety (fig 1) This rubber-covered mass is gently pushed up into the peritonea! 
cavity The entire defect thus created is loosely packed wuth iodoform gauze 
after the necessary ligations have been made, no stiches being taken anyw'here, 
and a large dressing is applied The drapings are removed, the stylet is wuth- 
drawn from the spinal needle, and the patient is told to cough to ascertain whether 
the needle is still within the dura A second dose of the spinal anestlietic is 
gnen, folloiving which the needle is withdrawn This insures one against haiing 
to use inhalation anesthesia, even though the operation takes longer than the 
calculated time The patient is turned on his back and placed in the Trendelenburg 
position, the abdomen is opened wudely from 1 to 2 cm to the left of the midhne 
from the pubis to the umbilicus The tumor mass is retracted out of the abdomen 
and IS held toward the ceiling until the conclusion of the operation (fig 2) c 
customary division of tlie mesosigmoid is made at its attachment to the posterior 
wall of the pelvis and the low'est portion of the abdomen Gross dmsion o tie 
mesosigmoid from the bony wall to the bow'el is made at the usual point, an 
the upper sigmoid is drawn firmly into the upper angle of the abdomina incisio 
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The posterior peritoneum is complete^- closed, beginning with that portion first 
opened while the rectum as being freed from below The abdominal wall is closed 
in lajers without drainage, all layers are sutured as snugly as possible around the 
sigmoid Avithout risking necrosis, no stitches being placed in the bowel A rather 
heavy rubber-covered clamp is placed across the intestine 1 cm from the skin, 
and 1 cm be 3 ond the clamp tlie sigmoid is cut through ivith the cauterj, after 
the wound has been covered ivith petrolatum of the highest melting point, which 
IS constantly renewed b}' the nurse during postoperative care A wire cage 
protects the whole operative region, no dressings are used for fear of capillary 



Fig 1 — ^Dissection completed from below Specimen coiered with rubber 


drainage and soiling from fecal fistula, if this has been formed, or from permanent 
artificial anus w'hen the clamp has cut through after seieral da 3 S 

This method of lesectioii w^as fiist used, without premeditation, on a 
man on whom the posterior opeiation was being pei formed, as it had 
been decided that the cancer w as too fai advanced to make the combined 
operation w'oith wdnle His tumor 3vas found to have canalized the 
lectum and to have extended so high that it could not be removed from 
below The blood supph had already been sacrificed, and the best w av 
out of the dilemma was to push the mass up into the abdomen and to 
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complete the operation fiom above A shoit abstiact of the history of 
this patient and that of a second one on whom this operation was pei- 
formed aie as follows ^ 

REPORT or CASES 

Case 1 — J J , aged 37, a salesman, complained of the frequent passage of 
blood from the rectum during and between stools and occasional profuse diarrhea, 



Fig 2 — Patient in Trendelenburg position Specimen delivered through 
abdominal incision and kept on traction 

the historj of the condition dating from a fall Examination showed an irregular 
nodular mass, ulcerated and bleeding, situated inches (8 9 cm ) aboi c the anal 
orifice on the posterior rectal wall, there were tender, slightly enlarged inguinal 
glands The patient entered the hospital on Nov 9, 1924, and was operated on 
four dajs later under spinal anesthesia, the packing was remoied on the second 
da\, and patient was discharged on the sixteenth da\ with the abdominal incision 
healed but the rectal defect not ^et fully granulated in Four months later he 
had gained 15 pounds (68 Kg) and was feeling excellent but three months 
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after this he contracted influenza, during which he lost 12 pounds (5 4 Kg ) , 
he returned for observation shortly afterward complaining of pain in the right 
lower quadrant and hard masses in both groins He died a few months later 
Case 2— H S, aged 41, a clerk, complained of soreness in the rectum, 
especially with bowel movements, slight intermittent bloody discharge and pencil 
stools for SIX weeks preceding observation He had been treated for hemorrhoids 
He had lost 8 pounds (3 6 Kg) in two months and had had some dysuria for 
three weeks Examination showed a hypertrophic, ulcerated, hard mass, 3 inches 
(7 6 cm ) in diameter, which bled readily, located 3 inches from the anal margin 
on the posterior rectal wall, largely to the left of the midline There was con- 
siderable accompanying proctitis An abdominal examination yielded negative 
results The patient entered the hospital on Oct 4, 1927, and nas given a low 
residue diet and rectal irrigations An operation was performed on October 11, 
and the pathologic report showed colloid carcinoma The clamp was removed on 
the second postoperative day , the patient was allowed to sit up on the fourteenth 
day and thereafter, but his discharge from the hospital was delayed for nearly 
another month because of infection in the abdominal incision His weight had 
returned to normal within two months after the operation, and shortly afterward 
he returned to work Six months after operation he complained of pain in the 
buttocks and thighs, but had not lost any weight He died of metastases a few 
months later 

SUMMARY 

Repeated spinal anesthesia may be used in this method By libei- 
ating the lectum and anus and bunging them, enclosed in a rubber bag, 
out of the abdominal wound to be used as upward ti action, the most 
difficult part of the operation, deep pelvic dissection, is greatly simpli- 
fied, since the mesosigmoid is thrown into relief and put on the stretch 
It IS infinitely easiei to work fiom the depths toward oneself than in 
the opposite direction Higher division of the sigmoid may be earned 
out, and the superioi hemorrhoidal is cut at a safe point The posterior 
attack is shoitened, there are no diains or tubes anywhere and there 
IS no 1 isk of a “blow-out” below the peritoneal closure One may per- 
foiin a piehminary colostomy for exploration, foi relief from obstruc- 
tion, foi washing out the bowel and to enable one to leave the clamp 
on the intestine indefinitelv after resection With the fecal fistula made 
in the light uppei quadrant, one can perform an adequate exploration 
and at a subsequent operation work in an abdominal wall and pelvis 
undistuibed b} previous recent manipulation 

Tones wnote of the abdominoperineal operation “The third objec- 
tion to the opeiation, the length and difficulty of it in some cases, must 
be admitted, and only those who aie willing to accept these conditions 
as part of the operation should undertake it” If, as we believe, the 
operation here presented ad\ances us further along am of the lines 
fundamental to ideal operations, it will make a sound principle aAailable 
to piactice in the hands of a larger number of surgeons than formerlv 



SARCOMA OF THE ESOPHAGUS- 


HAROLD J DVORAK, MD 

MINNEAPOLIS 

Carcinoma oi the esophagus constitutes 50 pei cent of all lesions of 
the esophagus (Abel Saicoina, on the othei hand, is a raie condi- 
tion (Ewing.2 Kaufmann, Aschoff, Fischei ®) Recently, theie came 
under my observation a patient with such a lesion, and I therefore feel 
justified in reporting the case 

KFPORf or CASn 

Histo)y —Mrs R T , a white woman, aged 27, was admitted to the Unncrsitj 
Hospital on June 11, 1927, complaining of epigastric pain, diarrhea and con- 
stipation Since March 8, 1927, she had suffered considerably with a bunung 
epigastric pain which radiated to both sides of the thorav and up into the a\illae, 
especially to the left The pain had been present almost dailv, and it usiialh 
lasted from one-half to six hours She belched considerable gas and passed much 
flatus, but without relief There was no qualitative or quantitative food distress 
The pain often bothered her at night She complained of being “nauseated 
more or less constant^, but vomited only on three different occasions, a greenish 
material She fiequently missed breakfast because of the “nausea,” otherwise, 
she ate wrell During the past three months she had lost 5 pounds (2 3 Kg ) 
Since the onset of her illness in March, she had also been troubled with attacks of 
diarrhea alternating wnth periods of constipation She had eight or ten siicli 
alternate attacks During the periods of diarrhea her bowels moved from three 
to four times a day The stools w’ere soft, but not watery No blood or mucus 
w'as present She also said that she became easily excited and nervous and 
trembled frequently, her heart would pound on such occasions 

In 1923, the patient w'as treated for an “ulcer of the stomach," apparentl} 
because her stools w'ere black and tarrj' At this time she did not have am 
epigastric sjmptoms No roentgen examinations were made 

In 1924, the patient ga\e birth to a normal Ining child There was no otiici 
pregnancy 

In 1926, she said, her stools again became black Her phjsician told her that 
she had an ulcer of the stomach At that time, she had \ague epigastric pains 
and heart burn from three to four hours after meals, reliered b\ the taking ot 
tood She had some nausea, but did not vomit She was put on a diet for se\era! 
weeks There wms no loss in weight, and her appetite was good She has not 
noticed black stools since then 

Submitted for publication, Julj 3, 1930 

■'From the Department of Surgerr and the Cancer Institute, Unuersit} ot 

Minnesota 

1 Abel, A Lawrence Oesophageal Obstruction, London, Oxford Unuersit% 
Press, 1929, p 160 

2 Ewing, James Neoplastic Diseases, Philadelphia, W B Saunders Com- 
pam, 1928, pp 277 and 907 

'3 Fischer, Walther, quoted br Henke, F and Lubarsch, O Handbuch dcr 
speziellen pathologischen •\natomie und Histologic, Berlin, Julius Springer, 
r ol 4, part 1 
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During the past year she felt very weak and nervous and tired easily, until 
March 8, 1927, when she first noticed the symptoms already mentioned There was 
no family history of malignancy and no history of venereal disease Her dietary 
and hygienic habits were good 

Physical Etawniatio;! —Examination revealed a well developed and well 
nourished white woman, aged 27, Ijong quietly in bed Her weight was 102 
pounds (46 3 Kg) The skin was warm and moist Her eyes, ears and nose 
were normal The tonsils had been removed The thyroid was soft and moderately 
enlarged There was a slight systolic bruit over it Slight enlargement of the 



Fig 1 — Rliabdomj osarcoma of the esophagus The tumor was soft, poljpoid, 
\cllonish white, sharplj circumscribed and from 4 to 5 cm in diameter It 
sprang from the left anterolateral wall, about 5 cm below the pharjngo- 
esophageal junction It bulged into the lumen and onto the external surface of the 
esophagus The latter was sutured where accidenth cut 

cerrical hinph nodes was present The lungs and heart were normal The blood 
pressure was 120 sistolic and 78 diastolic, the pulse rate was 124 The abdomen 
was nornnl Examination of the upper extremities on extension showed a coarse 
tremor of the fingers The knee jerks were Inperactne The basal metabolic rate 
was phis 25 Tile urine and blood were normal Examination of the stools did 
not rc\eal blood nncroscopicalh, microscopicalh or chemicalh A gastric analjsis 
ga\c nornnl results The blood urea nitrogen and blood sugar were within normal 
limits The M asscrnnim reaction of the blood was negafne 
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A diagnosis of hyperth 3 T 0 idism was made The patient was put on a com- 
pound solution of iodine, and given deep roentgen therapy to the thyroid gland 
On June 24, 1927, a roentgen diagnosis of a small prepyloric nonobstructing 
ulcer was made, and the patient was put on a Sippy diet However, a roentgen 
examination made on July 16, 1927, failed to confirm the presence of the ulcer 
Beginning on Julj 25, 1927, for several days she vomited her food immedntely 
after eating No definite cause could be found 

The patient was discharged from the University Hospital on Sept 7, 1927 
She had gained 15 pounds (6 8 Kg ) , her basal metabolic rate was now minus 1 
and she felt much better She was advised to return later for further observation 
She was readmitted on Nov 15, 1928, and said that she had felt well for some 
time after her discharge in September, 1927 In March, 1928, however, she had 
suffered a recurrence of the symptoms of a peptic ulcer She was again put on 



Fig 2 — Photomicrograph of figure 1 This shows masses of spindle cells and 
occasional giant and muscle cells Hematox 3 lin and eosin, X 90 

an ulcer diet and obtained immediate relief However, slight pain in her stomach 
continued It did not follow meals at regular intervals, but was relieved somewhat 
by eating and drinking Sometimes the pain awakened her at night Her appetite 
was good, and she ate all types of food In March, 1928, she also noticed occa- 
sional gripping pains in the upper substernal region and base of her neck, and 
feelings of pressure m her throat, which she attributed to an ingrowing goiter 
These S 3 'mptoms persisted with more or less severity 

Second Examination — ^This showed a well nourished young woman with nega- 
tive ocular signs and moist skin There was a coarse tremor of her fingers on 
extension Other physical observations w^ere negative The basal metabolic rate 
was minus four The blood and urine were normal The Wassermann reaction 
of the blood was negative On Nov 26, 1928, roentgen examination of the 
esophagus after ingestion of a thick barium paste w'as negative both by fluoro- 
scopy and on the films It was now believed that her symptoms were not due to 
hyperthyroidism, although they were similar to those presented on the first 
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admission She was discharged at the end of No\ ember, with a diagnosis of 
functional esophageal or laryngeal spasm 

On Aug 12, 1929, she was readmitted to the hospital for the third time, and 
was assigned to the cancer department of Dr A C Strachauer After the 
patient’s discharge from the hospital m A' o\ ember, 1928, the tight feeling in her 
throat, located at the level of the jugular (mterclaiicular) notch, grew- worse 
In Maj, 1929, she first noticed difficult} m swallowing By Jul} 15, 1929, she 
w-as unable to swallow an} thing During the six months previous to that time 
she had lost 40 pounds (18 1 Kg ) m w-eight Her family physician passed a 
stomach tube, and blood was w-ithdrawn The patient w-as admitted to the Abbott 
Hospital in Minneapolis, where an esophagoscope w-as passed by Dr Kenneth A 
Phelps A tumor w-as found Biopsy w-as made, and the lesion was diagnosed as 
spindle cell sarcoma with giant cells Gastrostom} was performed at the Abbott 
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Fig 3 — Higher power magnification of figure 2 Hematoxlm and eosm X 


Hospital, and the patient was directed to the Unnersit} Hospital for radiation 
treatment, where she now presented herself Dr Phelps examined the patient 
again on admission here, and described the lesion as follows “There is a large 
necrotic tumor mass which bleeds easih and appears to spring from the lelt 
anterior esophageal wall 20 cm from the incisor teeth, causing about 75 per cent 
obstruction of the lumen of the esophagus The mass is partialh coiered b} a 
white membrane” 

Improrement in nutrition followed the gastrostoni} , and the patient gamed some 
relief from difficult% m swallowing The blood showed moderate secondarr 
anemn wuh hemoglobin of 60 per cent, red blood cells, 3,500,000, white blood 
cells, 10,450, poh niorphonuclears, S3 per cent, and hmphocjtes, 17 per cent \ 
mass was now palpable on the kit side of the neck at a lerel just below the 
larMix Roentgenograms showed a malignant condition of the esophagus begin- 
ning at a kiel corresponding to about the second or third dorsal aertebraror 
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about 5 cm below the pharvngo-esophageal junction, and e'^tending downward 
for about 4 cm The malignant process displaced the esophagus to the right, 
suggesting pressure by an extrinsic mass 

On Aug 22, 1929, 1,050 milhcune hours of radium were inserted into the 
mass by capsule through an endoscope On September 25, a 105 per cent skin 
erythema dose of deep roentgen rays given in four treatments over eight days, 
was administered over the diseased area by Dr Karl W Stenstrom Marked 
reaction with vomiting followed 

Her respirations became more labored, and her physical condition gradually 
declined Toward the end she complained of a good deal of dyspnea She died 
on November 20, probably of respiratory obstruction It was felt that this could 
not be relieved because of the location of the growth Radical extirpation of 
the growth was never considered, because it was believed that the lesion was 
extrinsic to the esophagus m origin and involved the latter only secondarily 



Fig 4 — Higher power magnification of figure 3, showed a large muscle cell 
in the center of the field with nucleus and nucleoli No cross-stnations were 
demonstrated Phosphotungstic acid stain, X 800 

Ncoopsy — The postmortem examination, made bj’’ Dr William A O'Brien, 
associate professor of pathology. University of hlinnesota, showed a well devel- 
oped though emaciated woman There was a gastrostomy opening present in the 
left upper quadrant of the abdominal wall Five centimeters below the pharjngo- 
esophageal junction (lower edge of cricoid cartilage) there was a soft, jellowisli- 
white, sharply circumscribed, poljpoid tumor, from 4 to 5 cm in diameter, 
springing from the left anterolateral wall of the esophagus and bulging partlj into 
its lumen and partly from its external surface The latter obsenation ga\e rise 
to the previous belief that the lesion was extrinsic, and onh secondarih infiltrate 
the i\all of the esophagus It did not penetrate the tracheal nail, though t e 
latter appeared slightlj discolored black on its internal surface, probably 
pressure The rest of the organs nere normal There nere no metastases ic 
para-esophageal hmph nodes nere not eien risibh enlarged The lesion appeare 

operable 
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Histologic stud% of the tumor under the direction of Dr E T Bell, professor 
of patliolog% at the University of Minnesota, showed the constituents of the tumor 
to be predominantly spindle cells, some multmudeated giant cells, some round 
cells, fibrous connectn e tissue and a liberal sprinkling of muscle cells The blood 
supph uas moderate The spindle cells occasionally showed mitotic figures The 
muscle cells were \ery large, oblong or rectangular or uhen seen in cross-section 
round The nuceli were relatnelj small, o%al, dark staining and usuall> eccen- 
tncalh placed Special phosphotungstic acid stains shoned a raassne pink 
staining c} toplasm w ith longitudinal fibrillations Cross-stnations could not be dem- 
onstrated This was attributed to failure of fixation of the fresh tumor tissue 
in the proper solution Ne\ ertheless, it is belie\ed that these embrjonal cells 
were difterentiating into striated muscle of the \oluntary t}'pe The diagnosis 
was rhabdomyosarcoma of the esophagus 

Ghnski ^ and otheis have shown that cioss-stnations m the muscle 
cells of these tumors ate fiequently difficult to demonstiate, and otten 
cannot be found This is especially tiue when the tumoi ptocess is 
vei} undifferentiated 


DISTRIBUTIOX AND INCIDENCE 

DistiibiVion of Saicoina in the Digestive Tiaci — Coinei and Fan- 
bank ^ studied 175 cases of sarcoma of the alimentart canal Of this 
number, 14 occuued in the esophagus, 58 in the stomach, 65 in the 
small bowel, 20 in the cecum, 11 in the colon and 7 m the rectum 
Numbei of Cases in the Litciatiue — Chapman ° (1877) was the 
fiist to desciibe esophageal saicoma Starck ‘ (1900) collected seven 
cases and added Hvo Hackei ® (1909) collected twenty-one cases 
Hackei and Lotheissen ® (1926) said that only thirty-eight had been 
desciibed, and in some of these the oiigm was doubtful Among the 
thiit) -eight w^eie thiee cases which aiose mostly fiom the hypopharjnx 
and onh to a small extent fiom the esophageal entrance Walther 
Fischei ^ (1926) found about fifti repoited cases Simon (1928) 
said there w'eie only thiity objection-fiee cases m the liteiature 


4 Glinski L K Ueber pol\penformige Mischgc^chuulste dcs Oesopfidcrus 
\ ircliows '\rcb f pith Amt 167 3St 1902 

3 Corner M , and Tairbank H Sarcomata oi tbe Alimentari Canal Lan- 
cet j904 p 1503 

6 Chapman S H Sarcoma oi Inienor Constrictor of the Pharinx and 
Inlet of the Oesoplngus Am J AI Sc 74 433 1877 


7 Snrek Hugo Sarkome des Dsophagus, A’lrdious Arch f nath Anat 
162 256 1900 ^ ^ ^ 

•8 Hacker A’ 7ur Kcnntms des Oc-ophaeu-mrkoms Alitt a d Grenz-eb 
d Med u Our 19 3^6 fcpp 

9 Hacker, and Lothcisscn G Ciururme oer Speiscrohre in Xcuc 
deut'che Chirurgie Stuttgart Ferdinard Eiike 1026 \ol 34 p 36S 


U) Simon Hermann Die Sardine m \\ne dtnt-che Chirureie 
rirdinand Enke 1928 aol 43 p 2-i6 


Sa tte tn 
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Age Inc.dence — The age distribution is as follows Hackei and 
Lotheissen in then thnty-eight collected cases, found only one saicoma 
a 1} mphosarcoma, in a very }Oung patient This was in Stephan’s “ 
case, that of a child aged 4 All the otliers occuried in peisons between 
32 and 84 years In ten cases no age was given Three patients were 
between 30 and 40 yeais , eight, between 40 and 50 years , seven, between 
50 and 60 , ten, between 60 and 70 , one between 70 and 80, and one 
was 84 years old Thiee hypopharyngeal cases occuried in patients aged 
45, 64 and 64 years, lespectively Eight) -five pei cent of all sai comas 
occur in peisons ovei 40 years of age, as is true also of caicinoma 
However, sarcomas occui moie fiequently in the young than do cai- 
cinomas, the aveiage age of occurience being 55 yeais 

Se% Incidence — Though the sex was not always mentioned in the 
Hacker and Lotheissen collected series of thirty-eight cases, Aet the 
occurrence among women was mentioned only six times Seventy-eight 
pel cent of the cases were among men This observation is similai to 
that m carcinoma Most authors agree legarding the relative inf re- 
queue) of the condition among women as compared with men 

LEVEL or PREDIIECTION IN ESOPHAGUS 

The tumor is found most fiequently in the lowei poition of the 
thoiacic part of the esophagus, but gives moie signs and symptoms in 
the cervical part Like carcinoma, the points of piedilection aie usually 
at the level of one of the three esophageal constrictions In thntv cases 
reported m the collected series of Hackei and Lotheissen the tumoi 
arose only seven times in the cervical portion of the esophagus, the 
predilection being foi the lower part of the thoracic portion, just a tew 
centimeters aboAe the caidia of the stomach Only occasionalh do they 
he in the upper thoracic part of the esophagus, according to this aulhoi 
These tumors can also arise m the upper part of the phannx and can 
then grow down into the esophagus In the same series were thiee cases 
in which the tumor arose partly from the esophagus and partly from 
the lower poition of the pharynx Carcinoma, on the other hand arises 
most frequentl) in the middle third of the esophagus and least trequenth 
in the uppei third Saicoma, especially if it is of the circumscribed poh- 
poid t)pe usuall) arises from the anterior wall of the esophagus and 
from its submucosa (Hacker and Lotheissen,® Fischer,-' von Eicken,' 
Kaufinann, Aschoff and Donath 

11 Stephan B H Zur Kasuistik der Dysphagie bei Kindern (Sarcoma 
Oesophagie bei einem 4 Jahngen Knaben), Jahrb f Kinderb 30 354, 1890 

12 A on Eicken Carl Em Sarkom der Speiserolire, Deutsche Ztschr i Clur 
65 380, 1902 

13 Donath Kurt Beitrag zur Kenntnis der sarkomatosen GeschwuBtc der 
Speiserohre VirchoAAS ^rch f path Anat 194 446 1908 
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GROSS MORPHOLOGY AXD EXTEXT 01 PROCESS 

Simon/" Hacker and Lotheissen ■» and Fischer “ classified sarcomas 
gross!} on the folloMing basis 

1 The more circumscribed t}pe These hare a broad base orerlaid 
with pohps with distinct pedicles sometimes eren 16 cm long 
(Borrmann The pol}ps consist of nodules and excrescences spring- 
ing iorth into the lumen and are covered br a smooth mucosal sur- 
tace These tumors are whitish or whitish }ellow% hard or soft some- 
times e\en gelatinous, and man} times superficial!} ulcerated The size 
raries from that of an almond to that of a hen’s egg Ther seldom 
invoh e much of the esophageal circumference and seldom cause stenosis 

2 The diffuse infiltiatmg t}pe These are \er} malignant and diffi- 
cult to differentiate clinical!} from carcinoma The} grow fast and 
torm superficial ulcers wdnch mar be 14 cm long In indnidual places 
the} can be more or less pol}poid or cauliflower-hke 

Multiple sarcomas hare been seen 

Extent of the Pathologic Pioccss — In Gastpar’s case the lesion 
extended from the bifurcation of the trachea to the cardia ot the 
stomach, and was both nodular and cauliflower-! ike Baur s melano- 
sarcoma started at the origin of the esophagus and extended 10 cm 
dorvnward, perforating into the trachea Other tumors as in lU} case 
ma} be no larger than from 4 to 5 cm in diameter 

HISTOLOGT 01 ESOPHXGErL S\RCOri \ 

Ulceratire lesions usualh contain round or pol}h}dral cells, the 
pohpoid lesions, spindle cells Stephan’s “ case in a 4 rear old child 
was a h mphosarcoma Secondar} h mphosarcoma of the esophagus 
has been obserred In Schlagenhaufcr Kaufmann said that Irmpho- 
sai comas are rerr rare and melanotic sarcomas most rare Hofmann 
described a pigmented spindle cell sarcoma, Baur a melanosarcoma 
Bertholef reported a small round cell sarcoma derired from a hmph 
tol'icle 


14 Borrmann R Zwtj pohposc Oesophagus Sarkome bei einem Indniduiim, 
\rrlnndl d deut‘!ch path Gecelbch 12 121 1508 

15 Gnlpar \ Dn Fall \on Oesophagussarkom Centralbl f allg Path u 
nth \nat 11 81 1500 

16 Rautr E H Em Fall \on pnmartn Mclanom dcs Oesphagus, Arb a d 

Gcb d patli Inst 7u Tubingen 5 34t 1904 

17 Stbhgcnlnuier Friedrich Zwei Falle ron L\mpho<=arcom der bronchialen 
I\mphdru-t.n nut vecundarer Lrmph Sarconiato=e dev Oesophagus, Virchows 
\rel] 1 pith \int 164 147 1501 

18 Hoinnnn M Zur Klimk der pohpovcn Sarkome des Oe=ophagu= Butr 

kliii CInr 120 201 192tt 

in Birtbokt F Du v^rcom< di 1...V iph.-jt j^ren d m.d e\per ct d mat 
path 23 Itv 1911 
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Round cell saicoma has also been desciibed by Rolleston,-® StaicK," 
AVegenei and Huismans " Staick’s two cases weie of the laige lound 
cell type These were not polypoid giossly and, theiefoie, tiuly malig- 
nant Ewing said that man} lOund cell sai comas are nothing less than 
anaplastic caicinomas Fischei stated that lound cell tumois aie 
piobably eithei lymphosai comas or embi}onal, that is, undiffeientiated, 
caicinomas The spindle cell tumois aie leal sai comas 

Hackei ® (1909) found in his collected senes of twenty-one cases 
that moie than half of the cases weie of the lound cell oi mixed cell 
type, the lattei of which contain lound cells These aie moie malignant 
than the lelatively benign spindle foims and those containing muscle 
fibeis Reith desciibed two cases, piedommantly of the giant cell 
t 3 pe, von Lange, a spindle and laige loimd cell type, Hackei, piimaiily 
lOLind and spindle cells Mixtuies of these cell foims weie seen b'\ 
Chapman, Gastpai Shaw-® and Taigett-® Howaid-^ and Eppingei 
saw, in addition to this content smooth muscle fibeis Raiely has 
genuine leiomyosaicoina as leported by Hacker and Bauer-"' been 
described 

Spindle cell saicomas have been lepoited by James,®® Livingood,®^ 
Notthaft®^ and Ogle®® Tumois containing paitly spindle cells, either 
large oi small and paitly giant cells, weie desciibed by Boiimann, 

20 Rolleston, H D Sarcoma of the Oesophagus with Secondary Growths m 
the Bone, Tr Path Soc London 44 65, 1893 

21 Wegener Ueber das Sarkom des Oesophagus, Inaug Diss , Giesen, 1904 

22 Huismans, L Sarcoma Oesophagi, Munchen med Wchnschr 48 2147, 
1901 

23 Reith, J W Ueber Zwei Falle von pnmarem Sarkom des Oesophagus, 
Inaug Diss , Leipzig, 1909 

24 ion Lange Pninares Ocsophagussarkom, Munchen med Wchnsclir 
51 411, 1904 

25 Shaw, Launston Sarcoma of the Oesophagus Perforating the Trachea, 
Tr Path Soc London 42 90, 1891 

26 Targett, J H Sarcoma of Oesophagus, Tr Path Soc Lonclon 40 76 

1889 

27 Howard, W T , Jr Primary Sarcoma of the Esophagus and Stomach, 

J -k M A 38 392 (Feb 8 ) 1902 

28 Eppinger, quoted b^ Hacker (footnote 8 ) 

29 Bauer ErMii Zur Kasuistik der Oesophagnsme ome Em Beitrag zur 
Lehre der Meome Virchows Arch t path ^nat 34 223, 1916 

30 James, G B Sarcoma of the Oesophagus w ith Secondare Deposit in tlie 
Tongue Tr Path Soc London 49 91, 1898 

31 Lieingood L E A Case of Sarcoma of the Esophagus, Bull Toms 

Hopkins Hosp 9 159, 1898 

32 Notthaft, 'k Mors subitanea durch Platzen emer earicosen Oe^op ia,,ii' 

eene Munchen med Wchnschr 42 350, 1895 ,.7 jo 

33 Ode Ceril Sarcoma ot the Oesophagus Tr Path Soc London 

1896 
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Donath \on Eicken, Frangenheim Hotmann, Xotthaft, Rieke and 
Schnnncke 

Fiattin^' saA\ a lymphangio-endothehoma \\hich constiicted the 
entiance to the esophagus next to a bordering dnerticulum Albiecht 
described an alveolar sarcoma Cairaro saw a hemangio-endothelioma 
aiising from the perithelium of capillaiies 

Fiangenheim found near the cardiac end of the stomach ot a 
woman aged 63 , a squamous caicinoma producing stenosis, aboAC this 
how'e\er, w^as a pohpoid pol) morphocellular saicoma The two tumors 
did not approach one another, being distinctly separated 

Heixheimer^® saw' in an old man a carcinoma the stroma ot which 
simulated complete!} the tissue of a spindle cell sarcoma The sarcoma 
had part!} destro} ed the carcinoma Sokolo^ considered this an adeno- 
sai coma 

Pratt ■*' and Locluer'*" described a tumoi w'hich consisted paith ot 
sciiihous carcinoma and paitl} of hmphosarcoma A. metastasis to the 
Iner in this case Avas found to be composed pureh of hmphosaicoma 
tissue Socin and Sommer also described carcinosarcoma ot the 
esophagus 

The tumois in the patients of Wolfensbeiger and Ghnski * weie 
considered b\ the authors as “rhabdom\ oma” and as “mixed tumoi w'lth 
striated muscle,” respectneh Ihese difterentiate themsehes fiom othei 
■-ai comas in that their cotiise is relatneh benign How'evei Wolfens- 
beigei s case showed a metastasis to a gland behind the cardiac end ot 
the stomach Ihis was not a pine ihabdomAoma \schoff also warned 
that a 1 habdoiu} oma should be tieated as a sarcoma Hackei stated that 
thc\ mctastasi/e frequent!} 

34 rrnnccnhtini, Multiple Pnnnrtumorcn, Virclious '\rcli t pith 

\mt 184 201 1906 

Riekc Leber cm lusgedchntes medullar Sarkom dcs Oe‘;ophagus, Vir- 
ihows \rcli f path -kiiat 198 526 1909 

36 Sclimincke Diskiissioii'-bemerkung, Verhand! d dcut<;ch path Gescllscli 
17 363 1914 

37 rritlin Due casi di tumorc pnnutno in dncrticuli del canalc digc^ente, 
Pohchnico ('•cr clur), 1903, %ol 11 

3Ss Mhrecht Ot-ophagus lumor, Wien khn W chneehr 8 332 1H95 

Carriro, \* Snpra un ca«a di cmangioendotclioma pcrnascolarc primi- 
tno dll i-dt !eu«: Pithdlogici 50 611 1910 

40 Ikrvhtimer Gotthold Ltbir das Kar/innsarkom dis Oc'oph leti-s Cen- 
tr ilhl I alltr P ith ii path \nat 29 1 1918 

41 Sokolm \ kdiiio-irkom dis Ot-ophagus Palhologica 4 476 1912 

42 Pratt quutid In 11 icktr and D>thtt«'en ( lootnote 9i 

4A Lockitr (juiitid b\ llacktr and Lotluivien ( loatnote 9) 

44 X, t,,] Chri'-toph Cor-Bl t 'chwn/ Xcr^ti 30 9'^ 191'', 

W oliiiivbtrgir Rudiili I tbtr tin Rlnbdomiom (jtr ‘^p^i- ruhn Bittr 

path \n' 17 dk P>tu 15 IS94 
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Metastases were not demonstrable in the ihabdomyosaicoma of the 
esophagus reported in this papei Histologically, the tumor m ni) case 
was identical with that in the cases of the two authors mentioned except 
that myxomatous tissue was also found in the metastasis in Wolfens- 
beiger’s case, also, cross-striations were demonstrated in both of the 
pieceding cases Wolfensberger showed drawings of the stnations, but 
Ghnski showed neither drawings noi photomici ographs of the tumoi in 
his case Wolfensbeiger intei preted the cellular elements of his tumor, 
other than the muscle present, as undifferentiated embryonal muscle 
cells and therefoie called the tumor a rhabdomyoma Ghnski preferied 
to inteipret the same cells as types differentiating into entirely different 
tissue, name!}, giant cells, lound cells, etc, and therefore called the 
growth in his case mixed tumoi with stiiated muscle He expiessed the 
belief that these tumors arise from undiff ei entiated mesenchyme dis- 
placed when the maiked developmental changes occur in the ventral floor 
of the embiymnic foicgut 

Rhabdomyomas occur most frequently in the urogenital sy stem, in 
the uteius, vagina, bladder, testis and, particularly, in the kidney A 
favoiite site for the congenital lesion is in the heart The tumor has 
been repoited in isolated instances in the stomach, tongue, parotid gland, 
bieast and pi estate gland and m neaily'^ all voluntary muscles of the 
body (Ewing -) Occurrence in the esophagus is most unusual, and 
has been lepoited in the hteiature only twice before This case is the 
thud on lecoid 

PATHOLOGIC COMPLICATIONS \ND METASTASES 

Poly poid spindle cell sai comas gi ow slowly and destroy little tissue 
Theie ma^ be no secondaiy^ pathologic lesions, as in the case reported 

The infiltrating and ulcerating lound cell ty^pe can quickly reach a 
gieat dimension, tend to obstiuct and close the lumen, compiess the 
trachea and lead to edema of the larynx Destruction due to severe 
necrosis and gangiene is not laie, nor is bleeding or ulceration nith 
perforation into the tracliea There may be penetration to contiguous 
oigans purulent pleurisy , pulmonaiy' gangrene and eventually esophageal 
perforation 

^Metastases are most likely to occur in the diffuse infiltrating type ot 
round cell saicoma They occur early and are videly distributed to 
hmph nodes, inner oigans and bones They' appear more quickly than 
in carcinoma mIiicIi according to most authors, metastasizes late On 
the other hand metastases are predominantly lacking in the circum- 
sciibed polypoid spindle cell sarcoma Similarly no metastases vere 
lound in the case leported Howe^er, the spindle cell sarcoma m 
Donath s case did metastasize to the porta hepatis Rhabdoimoma ot 
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the laige polypoid t}pe as in Wolfensbeigei’s case, may also exhibit 
metastases to the limph nodes 

SYMPTOMATOLOGY AKD DIAGNOSIS 

Symptomatology — The clinical s}mptoms closel) simulate those of 
caicinoma Dysphagia occurs early, and may lead to complete closure 
and obstiuction of the esophagus Rieke is the only authoi who reported 
that di sphagia had not occurred in his case In Albrecht’s and Carraio’s 
cases and m Donath’s second case dysphagia must be assumed to have 
existed since the tumors were observed at autopsy, although nothing 
was reported regarding them Sarcoma gives the appearance of slowl} 
increasing stenosis The sticking of food its regurgitation and the 
lomiting of blood and pus are characteristic, but not constant, symptoms 
Carcinoma as well as sarcoma can cause these symptoms There is consid- 
er able pain Its ear ly appearance, piercing character and radiation between 
the slioulder blades is characteristic (Simon On the other hand, the 
course may be entirely simptomless and the lesion may be discoveied 
onh incidentally post mortem The pain occurs fiequenti} in attacks, 
fiequently at night, and is not related to the eating of food Deep- 
seated pain may simulate the s} mptoms of a pulmonary affliction or even 
an aneui}sm (Hofmann^®) In cancer of the esophagus, actual pain is 
conspicuous 1)} Its absence The sense of discomfort piesent is due to 
the slight dilatation of the esophagus from the earl) narrowing of its 
lumen, together vith colicky sensations of oppression due to increased 
musculai conti actions of the oigan (Abel Thus can also be explained 
the s) mptoms of the patient in the case leported who never suffered very 
seieie pain 

The stools ma) be black due to hemorrhage, as were those of my 
patient The raising of pus ma\ simulate pulmonau abscess 

Cachexia sets in eail\ and earlier than in caicinoma Von Eicken 
attiibiited this to the pain, which destrois sleep at night and which leads 
to loss ol appetite and to an emaciation greater than that which coiie- 
sponds to the stenosis This lack of correlation between the degree of 
stenosis and degiee of emaciation allows one to suspect sarcoma 

D'fj^yjioTK— Sarcoma of the esophagus is chnicalh differentiated 
from caicinoma with difticulti (Simons'’) d he correct diagnosis has 
been made most often at neciopsi (Hacker and Lotheissen '’) Richard 
Cihot " as a result of 3 000 postmortem examinations armed at the 
conchivion that a greiter proportion ot mistakes in diagnosis had been 
unde in ca^es of carcinoma of the esophagus than in ain'othei condition 
This might ctmI) include sarcoma Proper use of a sound mar elicit 

4(> Riclnrci quoted b\ \lcl (footnote If 
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^aluable diagnostic intoiination Thus it can be inseited into the 
esophagus past a saicoina moie easil) and with less injuiy and bleeding 
than past a caicinoina This is tiue because of the lattei’s haidness and 
inflexibility, and because it usually involves the entii e esophageal cn cum- 
feience, whereas saicoina fiequently involves only the anterioi wall By 
the lesistance encountered, the level and the position of the tuinoi as 
well as the degiee of stenosis may be detei mined On withdiawal the 
sound may feel clasped more tightl}^ at one ceitain point, the level of the 
lesion In Gastpai ’s and Chapman’s case no resistance was met with, in 
the lattei because the lesion was high and partly in the phaiynx 

Roentgenograms show the piesence of stenosis, its level, its shape 
and its extent It has been discoveied that on ingestion of a contiasting 
material undei fluoioscop}^ the stream uins unimpeded down to the 
tumor, and heie divides into two sepaiate sti earns, which unite on 
leaching the stomach This occuried with the slightest pathologic dis- 
toition of the esophageal wall by the tumor Furthei obseivations must 
be made to detei mine whether such a loentgenogiaphic obseivation, 
which IS unusual for caicmoma, nia)'- be pathognomonic foi saicoina 
(Simon 

Diagnosis can be ceitain only aftei esophagoscop} with biopsy and 
micioscopic examination Hackei said that his case m 1903 was the fiist 
on lecoid in which the conect diagnosis of saicoma of the esophagus 
was made duiing the life of the patient by biopsy section Von Eicken 
saw a white necrotic membiane coveiing the lesion in his case It bled 
easily when wiped with cotton He thought that the condition was diph- 
theiitic and administeied antitoxin, with, of couise, no lesult 

In making a diagnosis there must be consideied, besides carcinoma, 
the benign tumois found on laie occasions The following have been 
lepoited pedicled polyps, multiple jDapillomas, fibiomas, lipomas, 
m\xomas, angiomas, waits and vaiious CAStic formations, also, adeno- 
mas and m}omas, both of the smooth and of the stiiated type, also, 
tubeiculomas and gummas 

Von Eicken^- consideied the slow groumg sjundle cell sarcomas 
operable lesions, the fast gi owing lound cell t3pes, inopeiable, hence, 
the impoitance of exact micioscopic diagnosis 

TREA.TJIENT AND PROOXOSIS 

T)cafincnt — The opeiatne tieatment for saicoma in the thoiacic 
esophagus offeis little prospect of success No successful case was 
found lepoited Recurrence and metastases are more frequent than in 
caicmoma Xe^eltheless, attempt at lesection is justified ^ Such a 
procedure has been successful for carcinoma as in Torek’s lainous 

47 Torek F The Causes of Failure in the Operatne Trcnlment oi Car- 
cinoma of the Oesophagus A.nn Surg 90 A96, 192^ 
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case His patient lived thiiteen >ears atter the operation and died of 
intercurrent disease Eggeis’’"' first patient with caicinoina was living 
at the end of one i ear and his second patient was living with metastases 
at the end of a similai peiiod Lotheissen s patient died from cardiac 
syphilis five months after surgical extirpation The patients m 
Hedblom’s"“ and Zaaijers®^ successful cases Ined only a feu months 
after the operation (Torek ‘‘■) Successful cases have also been reported 
b\ Bircher Kummell Kuttner, Volcker and Brun (Torek ^‘) Opera- 
tive cure of caicinoma ot the cervical esophagus has been repeatedly 
accomplished (Torek) On the other hand, sarcomas located high m 
the esophagus ha^e also been resected successfull} Hacker® was the 
first to do this in 1909 in a case of tumor of the anterior wall of the 
ceiMcal esophagus The microscopic nature of the tumor vas later 
confiimed He first did a gastrostomi, and five ueeks later resected the 
esophagus Six weeks later, there -was recurrence of the tumor Three 
months after the operation and before the wound had completely healed, 
the patient died from weakness and aspiration pneumonia Sno}®- had 
a patient, aged 57, w ith a sai coma invoh ing the lar\ nx and entrance to 
the esophagus He did a tracheotom} and gastrostom\ fiist, later he 
successful!} pei formed the radical extupation After se^eral months 
no recurrence of the tumor followed and onh an impairment of speech 
and distortion of the lar}nx and tongue remained 

Explorator} operations in sarcomas of the esophagus have been 
done supposedl} for other conditions Thus one author thought his 
patient had a subphrenic perigastric abscess Donath saw^ metastatic 
tumors in the abdomen which he thought aiose from the stomach 

In the hteratuie there is a record of gastrostom} having been done 
three times because the patient was insufficienth nourished Frattm’s 
patient Ined some time after such an operation, ion Eicken s died soon 
fiom weakness and Ogle’s patient de^ eloped peritonitis M} patient 
Ined four months Von Eicken recommended gastrostom} for all 
patients with d}sphagia Regurgitation of injected nutrients may, how'- 
e\ei be a serious complication 

48 Eggers C Carcinoma of the Thoracic Portion of the Oesophagus Sur<^ 

Gmicc Obst 50 630 1530 ’ 

49 Lotheissen, G Die Resektion der Speiserohre V len med Wchnschr 
79 618 1929 

aO Hcdblom C \ Combined Transpleural and Transpentoneal Resection 
01 Thoracic Esophagus Surg Ginec Obst 35 284 1922 

51 Zaaiier T H Erfolgreicbe transpleurale Resektion ernes Kardiakarzm- 
cms Beitr z klin Cbir S3 419, 1913 

•;2 Snoi Sarkom der Phar^ nx-Oesopbagusgrenze mit En'olg operiert nach 
aorhergchcnder Gastro^tomic Med Klin 7 5'' 1911 
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Perhaps moie peimanent cuies may be effected by postopeiative 
u radiation in saicoma Radium should be employed foi palliation in 
inoperable cases to halt the destruction, probably even to make swallow- 
ing possible again and to mitigate the pain This can be combined with 
the use of the galvanocauteiy Spindle cell sarcomas are lesistant to 
laditim, 1,050 millicuiie hours appeared insufficient in the case lepoited, 
as showm at neciopsy The dose could easily have been doubled had not 
perforation been feared The effect of deep loentgen theiap) on the 
tumor in this patient, ovei the previously treated thyioid aiea, appeared 
definite Rapid prolifeiation was defeiied, peihaps from one and a half 
to two years 

Piognosts — Because ot the usual extremely rapid course of the dis- 
ease, the prognosis is gravei than in caicmoma Death is due to exhaus- 
tion, frequently staivation, as in the cases of Paget,®® Chapman,® 
Targett,"® Stephan,^’^ Gastpar,^® Glinski,* Wolfensberger,^® Eppingei.-® 
and Hacker’s fiist case It also occuis fiom perforation into adjacent 
organs pioducing mediastimtis, etc The lesion may perfoiate into the 
trachea (Shaw,®® Wegenei and Baur^®) and lead to destruction of 
lung tissues wnth abscess formation and gangrene (Rolleston,®® Baur,^® 
Livingood,®^ and Starck’s ^ second case) or to mtercurrent disease like 
pneumonia (Albrecht,®® Rieke,®® and Donath’s second case) 
Notthaft’s ®® patient died of hemorrhage from esophageal vaiices caused 
by ciirhosis of the liver Generalized metastases may be anothei cause 
of death My patient died of suffocation The duration of life is only 
about five or six months when dysphagia has developed 

SUMMARY AND CONCLUSIONS 

Sarcoma of the esophagus is laie Less than fifty cases have been 
reported in the literatuie, only about thirty unquestioned cases have 
been reported ( Simon, 1928) Though a disease of persons of ad^anced 
3 ^eais, It occurs moie frequently m the young than does caicmoma It 
occuis most frequently in the low’^er third of the esophagus, carcinoma 
appears in the middle third There are two chief types of sarcoma 
the pol 3 ^poid, wdnch contains spindle cells, is relatively benign and verj 
rarel 3 metastasizes, and the diffuse infiltrating type, wffich contains 
round cells and earl 3 gives rise to distant metastases 

The tumor in the case herewuth reported was a pol 3 'poid rhabdom\ o- 
sarcoma and contained muscle cells of the striated t 3 'pe. spindle ceils, 
giant cells, round cells and fibrous connective tissue Unlike carcinoma, 
pain in sarcoma is often earfi and severe Marked emaciation ma\ 
de^elop long before appreciable stenosis D 3 Sphagia is often not the 

53 Paget Stephen Unusual Form of Malignant Disease of the Oc‘:oplint,us 
Tr Path Soc London 46 46, 1895 
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earliest symptom, but rather vague sensations of pressure and constric- 
tion The condition is usuall} wrongly diagnosed Most of the reported 
cases were coirectly diagnosed only at necropsy Diagnosis is certain only 
after biopsy and microscopic examination Exact micioscopic diagnosis 
IS a valuable aid m determining operability Sarcoma of the cervical 
esophagus has been resected successfully , sarcoma of the thoracic 
esophagus never has The tumor in my case was refractive to 1,050 
millicurie hours of radium Deep roentgen therapj appeared to arrest 
the process for from one and a half to two years 

My case was unusual among the reported cases, because it was a 
rhabdomyosarcoma and because it occurred m the cervical region of the 
esophagus, m a woman and at a relatively early age Among lesions of 
Its t} pe It was extraordinarily favorable to operation had it been possible 
to make the correct diagnosis early 



GALLBLADDER FUNCTION 

I THE CONTRACTILE FUNCTION OF THE GALLBLADDER" 
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PHILADELPHIA 

Nearl) a decade has passed since inteiest in the controveisy ovei 
the emi^tying of the gallbladdei was reawakened During this time 
much has been said on both sides of the question Any one famihai 
with cunent Iiteratuie is aware that at present opinion is so divided 
that it seems impossible to reconcile the various views Opinion is 
dnided not only among clinicians, but among those who have earned 
out experimental work, as Levine ^ has pointed out In fact, the majoi 
contioveisy at present exists in the group that has studied the mechan- 
ism of the gallbladder in the experimental laboiatoiy 

On one side one finds Sweet,' Halpert,® Demel and Bi ummelkamp,^ 
and Blond,® who are the chief advocates of the theoiy that the gall- 
bladdei does not empty through the cystic duct, on the other side, 
Elman and McMaster,® Whittaker," Higgms and Mann,® Ivy and Old- 
beig.“ and Boyden,^® who believe that the gallbladdei contracts to expel 
bile thiough the cystic duct 

Theie are also those who believe that the gallbladdei is emptied 
thiough the cystic duct, but that this is accomplished by forces other 
than the contractile force of the musculature of the gallbladder Win- 
kelstem and Aschner stated that lespiratoiy movements influence 
emptimg of the gallbladder by aflecting mtrapentoneal pressure 
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Gialmm^- expressed the belief that the flow of bile from the livei 
thiough the common duct exerts a siphonage action on the gallbladdei, 
while Bui get and Gopher and Kodama stated that duodenal peri- 
stalsis IS the majoi factoi which affects the flow of bile fiom the gall- 
bladdei 

Eveiy one agiees on one fact, which is that, by one mechanism oi 
anothei, the gallbladder is emptied of its contents, whethei this is 
thiough the lymphatics, the blood vessels oi the cystic duct Woikeis 
in this laboiatoiy had come to believe that those in favoi of noncontiac- 
tile function had the stronger side of the aigument until about four 
jeais ago, when certain observations induced us to investigate the sub- 
ject furthei Data accumulated since that time have led us to believe 
that both processes, absorption and conti action, play a pait m the 
emptying of the gallbladder 


MUSCULATURE 

It is not to be denied that the musculatuie of the gallbladder is not 
as thick as that of the stomach, intestine or uiinaiy bladdei , but that 
muscle tissue is piesent is obvious fiom even cursory micioscopic study 
of sections of the organ The denial of sufficient muscle foi function 
seems to be based on the fact that if nature expected bile to be foiced 
out of the gallbladdei through the cystic duct, it would have endowed 
this structuie with a moie abundant supply of muscle tissue The 
answei could be easily made that if as much muscle tissue as is piesent 
is not to be used for conti action it is a unique anatomic condition 

Muscle tissue is present, it is moie abundant in some species than 
111 otheis It vanes in amount, but we have not examined the gall- 
bladdei of any species which does not hare some muscle tissue (fig 1 ) 

L\MPirATICS AND BLOOD VESSELS 

Sueet,- Halpeit,^ and Demel and Biummelkamp^ aie exponents of 
the theoi \ that the bile which entei s the cystic duct leaves the gallbladdei 
b\ uar of the Ijinphatics That absorption of ceitam substances — 
paiticulail) water and sodium chloride, probably bile salts and perhaps 
cholesteiol-— takes place is generally believed Whether this absorption 
takes place chiefly b) the hmphatics or b\ the blood vessels is jet to 
be determined That other constituents of the bile, especially pigment 
piotems and imicns pass out in considerable amounts through similar 
pathwars seems to us to be open to considerable question 

12 Grahnni E Am J Sc 172 625 1926, Surg Ginec Obst 44 153 

192/ Gnlnin, E Gopher G H and Kodama S J Exper Med 44 65, 1926 

13 Biirgct G E \m T Plnciol 74 583, 1925 

14 Gopher G H and Kodama S Kcpulations of Flow of Cile and 
Pancreatic Tmcc into Duodenum \rch Int Med 38 647 (■Xo\ ) 1926 
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Oui lenewed inteiest in this pioblem aiose fiom the fact that we 
have never been able to demonstrate bile pigment in the lymph fiom the 
gallbladder Theoretically, we would expect to find it if the gallbladdei 
bile passed in toto fiom the gallbladdei by absorption instead of by the 
cystic duct 

The lymph diainage fiom the unobstructed gallbladder of the cat 
01 dog did not in any instance, in many experiments, show the presence 
of bile pigment in amounts sufficient to demonstrate it by any method 
known to the physiologic chemist It seemed possible that bile pigment 



Fig 1 — Musculans and submucosa of the gallbladder of the dog 


might gam access to the venous return from the gallbladdei, but in\es- 
tigations to determine this were entirely negative We have neter 
found enough pigment in blood taken from the cystic vein to make 
qualitatne estimations, this is also tiue of the lilood of the peripheral 
^eln of the noimal dog We have introduced solutions of bilirubin 
into the gallbladder, with the hepatic ducts ligated, and have likewise 
been unable to demonstrate the disappearance of bile pigment through 
the Ivmphatics or ccins Ouantitativeh we were able to reco\ei what 
was intioduced within experimental limits 
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D\es introduced into the gallbladder of dogs and guinea-pigs in 
which the common duct was intubated so as to recover an} d}e that 
escaped through the cystic duct left the gallbladder slon 1} through the 
l}mph or blood vessels of the wall of the gallbladder These dies 
escaped lapidh through the crstic duct ^^hen contraction of the gall- 
bladdei was stimulated Winkemverder has recently sho\s n that 
manr of the absorption studies previously done bear close scrutiny 
because of failure to control the experiment properl} He has, how- 
ever, concluded, after a careful study, that the epithelium of the extra- 
hepatic s}Stem, with the exception of that of the smallest bile ducts, is 
permeable to certain cr} stalloids 

We placed bile and solutions of bilirubin in an excised gallbladder, 
which we immersed in a Ringer-Locke solution which was kept at 38 C 
^^''e veie interested in ascertaining the rapidity with which pigment 
-v\ ould dial} ze through the wall of the gallbladder Repeated stud} of 
the Ringei -Locke solution o^er a three hour period failed to show that 
the pigment was passing through the gallbladder into the surrounding 
fluid 

Flora oui studies we weie led to conclude that certain constituents 
of bile must leave the gallbladder by channels other than those provided 
b} the hmphatics or blood vessels a view which has been strengthened 
ns our work has continued 

OBSERIATIONS IK M\K 

Pendei glass. Overholt and one of us (I S R ) v ere extreme!} fortu- 
nate last summer in obsening nhat ne believed to be rh}thmic tonic 
conti actions in a human gallbladder The patient had previous!} had 
choleci stostomv and common duct drainage for a lesion in the head of 
the pancreas During her conr alescence ve introduced iodized rape 
seed oil into the gallbladder and obserred the organ fluoroscopicalh 
The patient ^\as asked to stop liieathing for short periods, during which 
we cleaih saw alterations in the size and shape of the organ, which we 
inteipieted to be the result of contraction of the gallbladder 

Pendergrass has recenth obtained roentgen eMdence that sodium 
tctiaiodophcnolphthalein can lea\e the gallbladder b} wa\ of the cestic 
duct Vttei the dse was Msuahzed in the gallbladder and sufficient time 
had elapsed for its concentration in the gallbladder as eeidenced b} 
intensification of the shadow a meal of fat was gnen and the patient 
was examined under the fiiioroscope eieri few minutes Within a 
shoit time the cistic duct was Msualized and then the common duct 
(fig- 2 3 and 4) L\ and Oldberg'* haie obtained similar roentgeno- 
gram- after tlic iniection of cholcce stokmin m animals 


1- \\ iiiDnwcrtlcr \\ L Bull Tnhn« Hopkins Ho'p 4G 296 1930 
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It can be said that in these expeiiments \\e did not actvialh see the 
gallbladder contract Actual observation in the intact animal is not 
possible and a normal ph} siologic response in the anesthetized 
animal or human being uhose abdomen is open cannot be expected 
We, therefore, have studied the response of the completel} isolated 
gallbladder to drugs, assuming that if the species that ^^e studied 
responded to dings as other smooth muscle with a similar lnner^atlon 
responded, \\e should have additional eMdence that the musculature did 
not exist without functioning 



Tig 4 — The gillhladcler ImmedlatcI^ after meal ol lat 

THE RCSPOVSn or THE ISOLATED GALLBLmDER TO DREGS 
In these studies ue used the gallbladder of the dog gmnea-pig and 
ilitsiis moiike} The gallbladder uas excised the bile remmed and 
the gallbladder placed m a Rmger-Locke solution that had been uell 
oxigenated The tempeiature of the solution was maintained at 38 5 C 
In a Hanct thermoregulator equipped with a telegraphic rela\ The 
entire gallbladder was u‘:ed The fundus was attached in the lower 
cud 01 the bath and the neck to a le\er detised b\ iMuschat The 
c\stic duct was excised in all experiments 


!(' MiKcIni M I P}nrnnc<rl & E\ptr Tlicnp 37 2^7 1929 
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Several mteiesting observations were made The contraction in 
response to stimulation of the guinea-pig’s gallbladdei was obseived as 
long as twenty-five hours aftei its removal from the animal, and tonus 
waves for a longer time In some instances, the gallbladder was 
attached so as to demonstiate ciicular conti action after it had been 
arranged for demonstration of longitudinal conti actions No difficulty 
was encounteied in demonstiating these, two types of contractions 
could be obtained constantly 



Fig 5 — Rhi'thmic contractions, isolated gallbladder of the dog 


Rhythmic Conti actions — Rhythmic contractions weie demonstrated 
in the dog guinea-iiig and ihesus monke 3 ' (figs 5, 6 and 7) Ihe rate 
laried somewhat, even m the same species, but usually fiom three to 
SIX tonus vaAes per minute were observed The strength of tlie tonus 
uaies laried They were, as a rule, more forceful fiom fifteen to 
tuent} minutes after immeision in the bath than the\ ueie at the 
beginning The temperature of the bath aftects the tonus of the gall- 
bladder Tonus increases up to 41 C and then decreases Rlnthinic 
conti actions that vere not MSible at 36 C became iisible between / 
and 38 C (fig 8) 
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Sui-vrc^al of Mnsciila) Activity — ^Tonus waves of the gallbladder ot 
the guinea-pig were demonstrated for as long as twenty-seven hours 
aftei isolation of the gallbladder In the dog and monkey no attempt 
was made to determine the total length of time ovei which an indi- 
vidual prepaiation would respond, but tonus waies were obseived in 



Mg 6 — Rluthmic contractions, isolated gallbladder of the guinea-pig 



picparatioiis for a iicriod of scicral hour', In the dog, espccialK it 
\\ i', ncLCs-s^ix to ha\e from ten to fifteen minutes elapse between maxi- 
niuni contrictioiis after stimulation if similar responses were to be 
expected Contractions ot maximal diameter were obtained with the 
guinei-pigs gallUladdei alter stmiuUtiou tweme hours after immer- 
sion in the Ringer-Locke solution (fig 9) 
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Pilocaipine — ^This drug consistently caused stimulation of the 
isolated guinea-pig’s gallbladdei (figs 10 and 11) Musculai activity 
following the administration of pilocarpine was paralyzed by the addi- 
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Fig 9 —Response to pilocarpine stimulation of the guinea-pigs gallWaclder 
twent} -four hours alter isolation 

non of atropnie sulphate The gallbladder responded actnci) ate 
pilocarpuie, but if it was stimulated iiumediatelj uith the same g 

before lb^tbmlc contractions had returned, the contraction as ‘ 

much slo;er and less foieeful t>pe Figure 12 demonstrates the 
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Fig^ 10 — Response of the isolated gallbladder of the guinea-pig to pilocarpine 



Fier 11— Rc-ponc<. to pilocirpine Mimiilation of the i-olated callbladfkr oi the 
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Fig 12 — Response of the isolated gallbladder of the dog to pilocarpine stimulation 


•Ujt^MrnybTuxXtxnv 


Jnymt- i> Jj(/canJUti. 



PJlcrUxKfrAynt. 

OZ 


OXAcpy"^ • 
oZ y 


Fig 13 — Circular contraction under pilocarpine stimulation of the isolated gall bladder ot 
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lesponse in the isolated gallbladdei of the dog Figuic 13 illustrates 
the 1 espouse obtained fioni the gallbladdei when aiianged to demon- 
stiate ciiciilai conti action Figuie 14 is the tiacing obtained fioni the 
ffallbladdei of il/ernuK i/irvav aftei stimulation with pilocarpine 

o 

HtstaiiiDic DipJio'^pliatc— This drug caused a lesponse similai to 
that obtained w'lth pilocarpine It caused Mgorous contraction of the 
isolated gallbladder with an increase in the si/e of the tonus w'a\es 
after the solution in the bath had been changed Ihe response to this 
ding was similar to that obtained after stimulation of a smooth muscle 
preparation fiom the cornu of the Mrgm guinea-pig's uterus with hista- 
mine Figuie 15 IS an illustration of the resjxinse of the gumea-pigs 



Fig 14— Response to pilocarpine stimulation of the isolated gallbladder of the 
monkej 


gallbladder to histamine twenty-four hours aftei isolation, wdiile figure 
16 shows the response of Macaens ihesus to the same drug The 
dosages recorded are in terms of the salt and not in terms of histamine 
base 

6'eoefm— Although numerous investigators have believed that the 
gallbladder contracts in lesponse to a hormone, it remained for Iv) 
and his co-woikers to bring forth strong cMdence (cholecystokmm) 
in favor of this view^ Figure 17 shows the response obtained from a 
guinea-pig’s gallbladder wnth a preparation of secretin made from duo- 
denal mucous membrane after the method of Mellanby It shows a 
slow increase m tonus over a period of minutes, the time marker indi- 
cating six-second periods 
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Fig IS — Response of the isolated gallbladder of the gmnea-pig to histamine 
The gallbladder had been isolated twentv-four hours preMOusly 



Fig 16 — Response of the isolated gallbladder oi the monke' to histamine 
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Fig 18— Response of the isolated gallbladder of the 


guinea-pig to physostigmine 





Fig 19 — Response of the isolated gallbladder of the guinea-pig to barium chloride 



pjg 20 — Effect of epinephrine on the tonus of the isolated gallbladder ot the guinea jn 
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OtJie) Dings — Ph} sostigmuie also caused conti action of the gall- 
bladder musculature (fig 18), as did bauum chloride (fig 19) The 
muscle was paialyzed aftei the addition of atropine Contraij to the 



Fig 21 — The effect of epinephrine on tlie tonus of the isolated gallbladder 
of the guinea-pig 



Fig 22 —Contractions obtained from a diseased human gallbladder without 
stimulation 


observations of some investigators, we have found that epinephrine 
causes relaxation of the gallbladder (figs 20 and 21) In only one 
experiment of the many that \\eie performed did we obserre contrac- 
tion of the gallbladder follotving its use 
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The Human Gallbladde) — ^We have not been foitunate enough to 
obtain a noimal human gallbladdei toi study That such a gallbladder 
would lespond as do those of the animals we have studied, we cannot 
question That even the diseased human gallbladder will show aboitive 
spontaneous coiiti actions is illustiated in figure 22 This gallbladder 
contained calculi and was the site of chronic inteistitial inflammation 

COMMENT 

We do not intend to discuss the entire liteiature on the subject of 
gallbladdei function, which is indeed voluminous, and which was so 
admirably leviewed by Mann in 1924 Statements aie conflicting, 
and numeious obseiwers have merely repeated oldei expeiiinents with 
which they apparently were not familiar We wish merely to point out 
a few of the contributions that would tend to confirm the view that 
we hold that among othei functions, some of which may not as yet be 
known, the gallbladdei possesses the ability to contiact With pi oof 
of this, it lemains foi the futuie to prove whethei this mechanism is 
or IS not present foi a definite physiologic pin pose The burden of 
proof lests on those who deny its contractile function 

Fieeze,’-® in a paper that seems to have been overlooked by many, 
found that the gallbladdei when stimulated through its motoi neives 
IS capable of contiacting against a piessuie of at least 220 mm of 
Ringer's solution We obtained figuies higher than this for a dog 
when the cystic duct was connected to a watei inanometei aftei the 
injection of pilocaipme Our expeiiment was subject to the eiroi that 
contiguous stiuctuies and vascular effects might have caused a pait of 
the 1 espouse Conti actions of the magnitude reported by Freeze, while 
weak wdien compared to the i espouse obtained fiom the iiimaiy bladdei, 
nevei tireless show^ a magnitude sufficient to cause bile to leave the gall- 
bladdei by way of the cystic duct 

Bainbridge and Dale,’'* in an excellent aiticle published shoitly 
aftei Fieeze published his work, confirmed Doyon’s observations of 
spontaneous ihythmic conti actions in the gallbladdei They confiimed 
the suggestion of Langley, and oui data fiiithei confirm this, that 
epinephrine caused lelaxation of the gallbladder They do not agice 
with Fieeze on the exact course of the major motor and inhibitoi}'’ 
fibers, but do agiee that both sets of fibers aie supplied to the gall- 
bladdei Whittaker' has obtained contraction of the gallbladder when 
the neire supply has been severed This does not invalidate the prerious 
obserrations, but demonstrates that the gallbladdei can contract inde- 

17 Mann, F C Phjsiol Re^ i 251, 1924 

18 Frccre J A Bull Johns Ilopkins Hosp 16 23-> 1905 

19 Bainbndgc, F A, and Dale, H H J PInstoI 23 lu8 l90i 
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pendent of its connection with the cential iieivous system Bainbiidge 
and Dale believed the mciease in tone of the gallbladdei in i espouse to 
pilocaipme to be due to swelling of the hvei This we ha\e shown is 
not the case, since the isolated gallbladdei responds similail} 

In 1915, Lieb and McWhoitei studied the action of diugs on 
stiips of the gallbladdei by a method smnlai to that which \ve have 
used, and in 1925, Ischiyama^^ repoited the lesults of a study of the 
isolated gallbladdei of the dog in which the gallbladdei ivas intubated 
thiough the cystic duct and alteiations in piessure lecoided with a tam- 
bour The results of these obseiveis aie in agieement wuth oiii owm 

Higgins and Mann ® stated that “the moot question as to wdiethei 
the gallbladdei evei does empt) its contents wvas defimteh settled b\ 
Boyden in his studies on cats” Boyden is now' cominced that the 
gallbladdei empties its contents thiough the c}stic duct as the lesult 
of imisculai conti action The foimei authois concluded that the gall- 
bladder empties thiough the c\stic duct by the contraction of its owm 
intiinsic musculatuie, and that othei factois aie of mmoi, if of am, 
importance m this piocess 

The question as to whethei oi not respiiatoiy movements aie a 
factor in gallbladdei emptying is not as yet definitely settled Winkel- 
stein and Aschner expiessed the belief that the mti a-abdominal pies- 
suie at the height of inspiiation is the majoi factoi in evacuation of 
the gallbladdei We do not doubt that lespnatoiy movements can 
cause the evacuation of some bile, but wt believe that these aie not 
maior factors in the process 

Recently Giahain stated that although he w'as not walling to 
“ascribe to muscular conti actions the exclusive role in this diama, 
perhaps w'e have not assigned sufficient importance to the fac- 
tor of intiinsic contractions of the muscle ” 

Demel and Brummelkamp ^ and Halpert “ do not den) that some 
bile leaves the gallbladder by way of the cystic duct, but the) deu) 
that the amount is significant Sweet,^ on the other hand, definitel} 
stated that what goes in the cystic duct nevei comes out by this i oute ' 
In order to prove this, it lemains for this gioup of wmrkeis to obtain 
definite evidence that all the bile constituents leave at a rate consistent 
with the absoiption of w'atei and sodium chloride Of this w'e haie 
not been able to obtain confiimatory evidence This evidence will be 
published m a series of papers to come fiom w'orkeis m this laboia- 
tory In the blood fiom the c^stlc vein of the dog oi the Ijmphatics 

20 Lieb, C C , and McWhorter, J E J Pharmacol &. E\per Theran 7 83 
1915 

21 Ischnama, F Mitt a d med Fak d k univ K\ushu Fukuoka 10 61 
1925 
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of the gallbladdei of the cat oi dog, we have not found bile pigment 
in concenti ations that could be deinonsti ated by either the icteius 
index method of Meulengiacht oi the diazo method of van den 
Beign, even though at the same oi subsequent times we obtained 
evidence that substances such as sodium chloride oi sodium 
iodide pass thiough the wall of the gallbladder The pigment 
must be removed at a late piopoitional to the other constituents of the 
bile o’ it tends to accumulate, as is evidenced by a comparison of the 
concenti ations of pigment piesent m hvei and in gallbladdei bile in 
the same species Even though we assumed that theie is a threshold tor 
the absoiption of bilirubin, judging fiom the concenti ation of pigment 
consistently found in gallbladdei bile, we would expect to find the pig- 
ment in even gi eater concenti ation in the lymph or blood iiom the gall- 
bladdei 

j. CONCLUSIONS 

1 Data aie presented which show that, undei the conditions of the 
experiment (isolation), the gallbladdei of the dog, gumea-pig and mon- 
key shows ihythmic contractions and lesponds to stimulation by dings 

2 We have failed to find certain constituents of the bile in the 
lymphatics oi blood vessels diaining the gallbladdei 

3 We have observed conti actions of the human gallbladdei in a 
patient whose lespii ation was tempoiaiily checked 

4 Fiom these experiments we are led to conclude that although 

ceitain constituents of the bile leave the gallbladder by the lymphatics 
01 blood vessels, concentrated bile leaves the gallbladder by the cystic 
duct as a lesult of contraction of the gallbladder v 



THE NERVE PATHWAYS IN THE VOMITING 
OF PERITONITIS 
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ST LOUTS 

A caieful leview of the hteiatuie has failed to disclose an) evplana- 
tion ot the mechanism ol vomiting in peiitomtis which is suppoited by 
expel imental facts No recorded attempt by critical experiment to 
deteimine the natuie of the emetic stimulus and to discover its manner 
of action could be found, although the phrase “peritoneal in Ration” 
was noted m practically ever) woik on peritonitis and vomiting The 
present study was undertaken because of the apparent lack of pi oof 
that vomiting m peritonitis is really due to irritation of the peritoneum 
Since the most impoitant subjective evidence on which the inter- 
pietation and diagnosis of acute peritoneal inflammation are based 
consists of the history of abdominal pain, nausea and vomiting, any con- 
tiibution that leads to a better undei standing of the origin and natuie 
of the symptoms is of direct interest to the clinician 

Although the emetic stimulus has usually been considered to be a 
nervous impulse, it was thought possible that it might be either a hor- 
mone or a toxin carried in the blood Since emesis is induced by the direct 
application to the \omiting center of minute amounts of certain normal 
constituents of the blood, such as choline and histamine, it is possible 
that when one of these is piesent m the blood m an inci eased amount. 
It may cause nausea and vomiting In intestinal obstruction, which 
frequently complicates peritonitis, histamine may be present in the 
blood in abnormally large amounts, and, in such cases, may possibly 
constitute the stimulus to vomiting 

It is believed that observations recently made m this laboratory 
tend to exclude the probability of either a toxin or a hormone pro- 
viding the important emetic stimulus m peritonitis For example, in 
a series of fifteen noimal cats, intraperitoneal injection of 10 cc of a 
50 per cent turpentine emulsion produced vomiting within six seconds 
aftei the injection a reaction time which seemingly would preclude 

” Submitted for publication June 9, 1930 
From the Department of Surger\% Washington Unuersity School of Medicini 
and Barnes Hospital 
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a chemical stimulation of the centei and yet be entirely within the 
limits of a leflex phenomenon Fui thei moi e, as mil be described 
shoitly, peiitonitis failed to pioduce vomiting in six cats in which the 
vagus neives had been divided in the thoiax and the abdominal sym- 
pathetic and splanchnic mneivation destioyed 

If the emetic stimulus is a neivous impulse, the thiee possible path- 
ways to be consideied aie the vagi, the sympathetics and those ceiebio- 
spinal neives which also supply the peiitoneum, namely the phiemcs 
the lowei six thoiacics, the ihohypogasti ics and the iho-ingumal neives 
The method of study has been as follows A twenty-fom houi 
bouillon cultuie of B coh was injected mtrapei itoneally into each of 
twelve normal cats and seven noimal dogs, and was found m eveiy 
instance to pioduce a fatal peritonitis, the duiation of life vaiying 
from five to twelve days Without exception, vomiting was a constant 
featuie of the disease These animals seived as contiols 

Twelve othei cats that had leceived similai injections and that 
had also been subiected to bilateial low mtrathoiacic vagotoni}'^ per- 
foimed fiom sixty to seventy-two houis aftei injection vomited as 
did the controls and failed to diftei in this lespect from animals m 
which the vagi were intact 

Bilateral abdominal sympathectomy and splanchnotomy was pei- 
formed m five cats In these animals peritonitis similaily induced by 
B coll produced vomiting which did not diftei m eithei chaiactei oi 
fiequency fiom that seen m the contiols 

In five dogs suffeimg fiom a colon bacillus peiitonitis, the spinal 
cold was transected at the level of the second thoracic veitebia Vomit- 
ing was feeble thereaftei, as the mneivation of the abdominal muscles 
w^as destioyed, but w^as definitely piesent and peisistent 

Six cats weie fiist subjected to a bilateial low mtiathoiacic vagot- 
omy^ and allowed to recovei Twm weeks latei, the abdominal sympa- 
thetic chains w'cie lesected and the splanchnic neives divided Aftei 
one W’^eek of convalescence, an intiamuscular injection of lobelme sul- 
phate (0 003 mg per kilogram) was given, and piompt emesis lesulted 
m each instance, demonstiatmg the mtegiity of the efieient emetic 
mechanism Peritonitis w^as next induced m these animals by' B coh 
In this series a stiikmg lesult ivas obtained Even' animal died 
w'lthm six days, and postmoitem examination leiealed m each instance 
a frank purulent general peiitonitis the diagnosis being confirmed bv 
microscopic section Yet not one of the six animals \oinited eien 
once during the coiiise of the disease 
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PROTOCOL 

Experiment 27 (cat 1S4) —Dec 23, 1929 Lobehne sulphate, 0 003 mg per 
kilogram of body weight, was injected intramuscularly followed in two minutes b\ 
emesis 

December 24 Under intratracheal ether insufflation, the pleural caMtj was 
opened through the tenth interspace (right) , the right lung was collapsed and 
packed away with gauze The anterior and posterior \agal cords were exposed on 
the lower part of the esophagus and sectioned The lung w'as expanded bj 
obstructing expiration, and the thoracic wall closed in laje-s This procedure 
required fifteen minutes 

December 28 The animal was up and about, eating in apparently normal 
fashion Lobehne sulphate, 0003 mg per kilogram, was injected intramuscularly 
follow'ed by prompt emesis 



Diagram of the nerve pathwajs imohed m the vomiting produced bv 
peritonitis 


Jan 3, 1930 Under intratracheal ether insufflation, through a midline abdom 
inal incision, the peritoneal cavity was opened, and the stomach and intestines 
brought out and wrapped in warm moist towels The left major splanchm 
was identified at the point of its entrance to the semilunar ganglion and 
The left abdominal sympathetic trunk w^as identified, followed throu 
phragm and sectioned in the lower part of the thorax, then sesected caudalh ^ 
level of the paired ganglions just below the sacral promontory, its mmo'r ^ l' 
branches being sectioned as exposed A similar procedure was reneat^^ 
right side The intestines w^ere replaced, and the abdominal uali „ ^ , on the 

layers 

January 8 The animal was up and about eating in apparenth nor 
Lobehne sulphate, 0003 mg per kilogram, was injected mtramuscularr^ f 
promptly by emesis ° 
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Januar} 9 Twenty cubic centimeters of a twenty-four hour bouillon culture 
ot B coh was injected intrapentoneally 

January 16 The animal died of diffuse, suppurative peritonitis confirmed by 
autopsy and microscopic examination of tissue The animal did not vomit during 
the course of its disease 

Obviously these animals weie able to vomit, as demonstiated by the 
injections of lobeline sulphate The emetic stimulus was present, as 
evidenced by all of the animals pieviously obseived In these animals, 
then, the emetic action of the peritoneal inflammation had been effec- 
tively abolished by the opeiative piocedure, namely, by vagotomy and 
sympathectomy 

In resume, in each of toity-six animals m which eithei the vagus 
mechanism or the abdominal sympathetic mechanism or both weie 
intact, vomiting was a prominent accompaniment of peiitomtis In 
each of six animals in which both vagal and sympathetic paths weie 
destroyed, no instance of vomiting was lecorded, although the peii- 
tomtis was uni f 01 inly fatal It would seem then that colon bacillus 
peiitomtis pioduced vomiting through a local irritation of afferent 
nerve endings and not through toxic or humoi al changes The aff ei ent 
emetic impulse fiom the peiitoneum to the medullaiy centers evidently 
tiaverses only vagal or sympathetic paths, since in the absence of these 
paths, although cerebrospinal nerves (including the phrenic nerves) 
are still active, emesis fails to occur Since the destruction of onh 
one of these paths, i e , the vagal or the sympathetic, fails to abolish 
the vomiting of peritonitis, it would appeal that the aff ei ent emetic 
impulse traverses either path with equal facility This observation is 
m line uith that of Hatchei and Weiss,^ who found that afferent emetic 
impulses pioduced by large oral doses of mei curie chloride ascend over 
either the vagi or the sympathetics, depending on the integrity of the 
tract 

COMMENT 

From an anatomic and pltysiologic point of view, theie are se\eral 
factors that appaiently enter into the mechanism of vomiting irre- 
spective of the causative one Some are partially understood and haAe 
been confirmed by experimental evidence, others are indefinite and 
hypothetic In the foregoing experiments, w'e ha\e dealt wuth the 
vomiting of peritonitis and have found it to be reflex rather than toxic 
A brief summaiy of our knowlege of the nervous mechanism con- 
cerned w'lth the vomiting act would perhaps be of interest 

1 Hatcher, R \ and Weiss, Soma Studies on Vomiting J Pharmacol &. 
Exper Therap 22 139 1924 
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Although Giannuzzi - was appaientl}^ the fiist to suggest the exis- 
tence of a vomiting center, Thumas has leceived the credit for dis- 
covering the so-called “center ” Foity years ago he described an area 
lying on both sides of the midline of the flooi of the fourth ventricle, 
the destruction of which with a blunt instiument prevented the emetic 
action of apomorphme chloride Much of this oldei work has been 
superseded by the careful work of Hatcher and Weiss, ^ who found that 
the sensoiy nuclei of the vagus neives weie essential to vomiting in 
cats They could not pioduce emesis aftei destruction of the sensoiy 
nuclei, but they did pioduce emesis by the application of minute 
amounts of apomoiphine chloride (00001 mg) to the nuclei before 
destruction Then explanation of Thumas’ failure to produce emesis 
after destruction of this area is that vomiting cannot be induced when 
the center is depressed by mutilating operative procedures in its 
vicinity In our own laboratory it was found that lobehne sulphate 
and apomorphine chloride did not produce emesis in either cats oi 
dogs after the floor of the fouith ventricle had been traumatized 
Faradic stimulation of either of the cut ends of the vagus nerves 
does not regulaily induce vomiting (McCrea, McSwiney and Stop- 
ford ^ have recently reviewed the literature in this regard ) Further- 
more, Laughton ® found that while faradic stimulation of the dorsal 
vagal nucleus of the cat produces contractions of the hypotonic stomach, 
no emesis resulted In this connection we have methodically faradized 
the flooi of the fourth ventricle of cats and dogs and have been unable 
to produce vomiting Obviously, neithei the sensory nucleus of the 
vagus nerve nor its motor nucleus is per se the vomiting center How- 
ever, drugs as employed by Hatcher and Weiss apparently do exert a 
selective action on certain cells somewhere in the region of the sensory 
nucleus of the vagus neive, and thus initiate the sequence of coordi- 
nated muscular phenomena that constitute the vomiting act That 
faradization has not pioduced this effect is not necessarily contradictory 
evidence, for so specific a response may readily fail to appear in the 
widespread leaction to gross electrical stimulation 

2 Giannuzzi, G Untersuchungen uber die Organe welche an dein Brechact 
theilnehmen und uber die physiologische Wirkung des Tartarus stibiatus, Centralbl 
f d med Wissensch 3 1, 1865 

3 Thumas, L J Ueber das Brechcentrum und uber die Wirkung einiger 
pharmakologischer Mittel auf dasselbe. Arch f path Anat u Physiol 123 44, 1891 

4 McCrea, E D , McSwiney, B A , and Stopford, J L B The Effect on 
the Stomach of Section of the Vagus Nerves, Quart J Exper Physiol 16 195, 
1926 

5 Laughton, N B The Effects on the Stomach of the Stimulation of the 
Dorsal Vagus Nuclei, Am J Physiol 89 18, 1929 
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Hatcher ° pointed out the lelative importance ot a centei in the 
biain to cooidinate vomiting Some species of mammals vomit while 
others, chiefly the heibivoia, do not The fact that herbivora do not 
even try to retch iindei the influence of emetics suggests that they 
lack a well developed vomiting center 

It IS yet a question whethei it is actuall)'- justifiable to speak of a 
vomiting center, but as Alvarez aptly put it, “it is cei tamly convenient 
to so designate that aiea in the brain which is essential to the vomiting 
process m that it receives afferent emetic impulses, discharges efferent 
ones and coordinates in an orderly sequence the various movements and 
inhibitions necessary for emesis such as closure of the pylorus, con- 
traction of the lower part of the stomach, relaxation of the fundus, 
cardia and esophagus, closure of the glottis, stoppage of the respira- 
tion, stimulation and inhibition of the diaphragm and stimulation of the 
abdominal muscles ” 

Apparently there is some central coordinating mechanism concerned 
with the vomiting act, since the vomiting induced by an emetic, foi 
example, is indistinguishable objectively fiom that induced by othei 
causes The muscles concerned and the effeient nerves do not vary 
with the causative or afferent impulse, and the discussion of the effeient 
paths lesolves itself into a consideration of the mneivation of these 
muscles 

The diaphragm, which plays an active role in vomiting, is supplied 
by the phrenic nerve In the embryo, the diaphiagm is a derivative of 
the cervical myotomes that are displaced posteriori)’’ as the diaphragm 
descends to its permanent level These myotomes carry down m their 
descent blanches of the third, fourth and fifth cervical nerves These 
branches fuse into the phrenic nerve and contain both motor and sen- 
sory fibers It has been reasoned that the motor fibers continue their 
function in activating the diaphragm, while the sensoiy fibeis thiough 
disuse, may cease to register localized sensations in the diaphragm 
However, these afferent fibers retain their ability to carry impulses to 
the cervical cord as is seen in referred pain in the cervical region fol- 
lowing strong stimulation of the central end of a cut phrenic nerve 
Although there is indisputable evidence that the sensor}'^ fibers do func- 
tion m the phrenic nerve, work has been presented in this article as 
evidence that the afferent emetic impulses they carry are negligible if 
present 

The abdominal muscles, vhich form the most important group of 
voluntar) muscles receive their nen^e supply from the lover six 

6 Hatcher, R A The Jfechanism of A^omiting-, Phisiol Rei 4 479, 1924 

7 Ah'arez, W C The Mechanics of the Digestive Tract, ed 2, New York, 
Paul B Hoeber, Inc , 1928 
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thoracic, the iho-inguinal andtheihohjpogastncneives— typical “mixed” 
cerebrospinal neives Although Moritz ® found that the voluntary mus- 
cles of the abdomen in man can exert a piessure on the stomach equal 
to a column of water 3 meters high, Gold m Hatcher’s laboratory 
caused vomiting in a cat m which the abdominal muscles had been 
severed longitudinally and transversely so that it was impossible for 
either them or the diaphragm to compress the stomach Vomiting in a 
modified fashion was pioduced in this laboratoiy in animals with paral- 
}sis of the abdominal muscles Moreover, one of us recently observed 
a child of 4 months with congenital absence of the abdominal muscles 
who vomited m an apparently normal fashion 

The vagal parasympathetic fibers carry efferent impulses to the 
stomach and intestines, although the active part these organs play in the 
vomiting act is secondary That the stomach is not essential for the 
vomiting act was probably first demonstrated by Magendie’s ® classic 
experiment m which he replaced a dog’s stomach with a pig’s bladder 
and produced vomiting Even more striking, however, is the work of 
Eggleston and Hatcher,^® who saw ty^pical movements with the expul- 
sion of a considerable volume of frothy mucus from the esophagus 
following the extiipation of the stomach and intestines with the cardia 
tied Rost stated that men and women often vomit after total 
gastrectomy 

The sympathetic fibers presumably carry efierent emetic impulses 
However, this pathway would appear relatively^ unimportant in the 
light of experiments which have been detailed, for it was found that 
after section of the splanchnics and abdominal sympathectomy, the 
efferent emetic mechanism in' cats was apparently not disturbed, as 
every animal vomited after the intramuscular injection of lobehne sul- 
phate Similarly, Hatcher and Weiss observed that the emetic action 
of a peripheral emetic such as mercuric chloride was not inhibited 
when the spinal cord was sectioned at the level of the second thoraac 
veitebra Results paralleling these were obtained by us in dogs with 
peritonitis which vomited although the spinal cord had been severed at 
the same lei el 

8 Moritz Studien uber die motorische Thatigkeit des Magens I Mitteilung 
ueber das Verhalten des Druckes im Magen, Ztschr f Biol 32 313, 1895 

9 klagendie Memoire sur le i omissement, 1813, quoted bv Hatcher (foot- 
note 6) 

10 Eggleston, C, and Hatcher, R A The Seat of the Emetic Action of 
Apomorphine, J Pharmacol & Exper Therap 3 551, 1912 

11 Rost, F The Pathologic Phjsiology of Surgical Diseases, trans b> S P 
Reimann Philadelphia P Blakiston’s Son S. Compam 1923 

12 Hatcher, R A , and W eiss. Soma The Seat of the Emetic Action of the 
Digitalis Bodies, Arch Int Med 29 690 (Maj) 1922 
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As regards the pai asympathetics, Hatchei and Weiss found that 
after a large oral dose of mercuric chloride, section of the vagi in the 
neck failed to inhibit emesis In like mannei, m our experience the 
vomiting of cats and dogs was not affected by intrathoraac section of 
the vagi 

Exner and Schwai zmann reported twenty cases of gastric crises 
in which there appaiently was no abnormality in the vomiting mecha- 
nism following bilateial vagotomy Latarjet, Schiossi and Ma3'0^‘ 
have pel formed similar neurectomies without distuibing the vomiting 
mechanism 

That the efferent impulse is a nervous impulse has been shown by 
the fact that transection of the coid at the level of the second thoiacic 
veitebra and bilateral vagotom}'- in the same animal followed by the 
injection of apomorplnne chloride evoke practically no i etching i espouse 
in the dog, although the diaphiagm can be felt to contract in a normal 
fashion 

The possible anatomic pathways for afferent impulses aiismg fiom 
peritoneal iriitation include the lowei six thoiacic nerves, the ilio- 
inguinal, the iliohypogastric, the phrenic and the vagus nerves and the 
geneial visceral afferent fibeis which traverse the sympathetic trunks 
The peiitoneum lining the abdominal wall receives its inneivation from 
the seventh to the twelfth thoracic, the ilio-mgumal and the ilio- 
hypogastric neives, which aie cerebiospinal mixed nerves The peii- 
toneal suiface of the diaphiagm likewise receives some fibers from 
these intei costal neives and also fiom the ramifications of the phrenic 
nerve, which is in reality a “displaced” bianch of the cervical plexus 
and a ceiebiospinal mixed nerve Thus, the sensoi}' nerve supply of 
the entile parietal peritoneum is deiived fiom somatic elements 
The visceral peiitoneum, on the contiary is supplied by the vagus and 
S 3 mpathetic nerve tiunks, which contain afferent fibers belonging to 
the visceial rathei than to the somatic group This distinction seems 
to be significant in viev of the results of experiments performed m 
our laboiatoiy Diffeiential denen'ation of the peiitonea! surfaces 
as pieviously detailed, indicates that theie are only two afferent path- 
i\a}S foi emetic impulses m peritonitis, namely, the vagal and sympa- 
thetic ti links In animals with the phrenic and other cerebiospinal 

13 Exner, A, and Schw arzmann, E Gastnsche Knsen und Vagotomie, Mitt 
a d Grenzgeb d Med u Chir 28 15, 1914 

14 Latarjet, A Resection des nerfs de I’estomac Technique operatoirc 
resultats chinques. Bull Acad de nied 137 681, 1922 Schiossi B The Role of 
the Pyloro-Duodenal Nene Supply in the Surgery of Duodenal Ulcer, Ann Surg 
81-939, 1925 Ma^o, C H Dmsion of the Vagi for Pjlorospasm, Ann Surg 

88 669, 1928 
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iieives intact subjected to a bilateral abdominal sympathectom}'’, 
splanchnotoni}' and bilateral intrathoracic vagotomy, peritonitis did 
not cause vomiting Since in these animals the innervation of the 
paiietal peritoneum was still intact, it seems reasonable to conclude 
that only the visceial afferent fibers aie of importance in the reflex 
vomiting act, and that it is iiritation of the Ausceial rathei than of 
the parietal peritoneum that causes vomiting in peritonitis 

The apparent localization of the afferent emetic pathways in the 
vagus and sympathetic nerves and the exclusion of the cerebrospinal 
nerves from such a system are lather striking in the light of clinical 
observation as expressed by Weiss and Davis “That the relief of 
pain is due to blocking of cutaneous afferent impulses and that the 
infiltration with novocain does not exert an indirect influence on the 
visceral afferent sympathetic impulses is shown by observations on 
patients who aside from visceral pain also suffer from nausea and 
vomiting due to the same cause as the pain ” In these patients the 
skin infiltiation abolished pain at once, but the vomiting persisted 
The persistence of vomiting after blocking of the pain fibers (ceie- 
biospinal) indicates that strong visceral afferent impulses continue to 
reach the high centers through the sympathetic and vagal chains 

SUMMARY 

The experiments here reported show that the vomiting of peritonitis 
IS the result of the stimulation of afferent nerve endings located in the 
per itoneum 

The emetic impulse thus initiated passes to the medullary center b} 
way of sensory nerve fibers which are included in both the vagal and 
sympathetic trunks Section of these trunks prevents the occur lence 
of vomiting in peritonitis, although phrenic and other cerebrospinal 
nerve paths are left undisturbed 

Since by s} mpathectomv alone or b} vagotomi alone vomiting in 
peritonitis is not abolished, the afferent emetic impulse evidently 
traverses either pathway with equal facility 

The consensus among anatomists seems to lie to the effect that 
the parietal pei itoneum is chiefly supplied bv cerebrospinal somatic 
after ent ner\es whereas the visceral peritoneum receives its supply 
tiom the visceral afferent fibers that course m the vagal and sympa- 
thetic trunks If this point of vien is correct, the foregoing experi- 
ments indicate that it is the iriitation of the visceral and not of the 
parietal peritoneum that gives origin to the vomiting in peritonitis 

15 Weiss, Soma and Dhms, Da\id The Significance of the \fferent Impulse 
from the Skm m the klechamsm of Visceral Pam A.m T kl Sc 176 517, 1928 
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Few clinical studies of laige senes ot cysts of the panel eas have been 
lepoited in the Iiteiatuie, and only biief attention has been paid to the 
pathologic changes of this disease Of 723,397 patients admitted at 
the Mayo Clinic, eighty-eight with cyst of the panel eas have been opei- 
ated on One of us,^ in 1921, leported forty-one cases from the clinic, 
the largest original series i ecorded up to that time This paper includes 
a review of the liteiatuie and a clinical suivey, with comment, of the 
forty-seven patients treated surgically at the clinic since the report in 
1921 A study of the etiology and pathology of this disease will be 
piesented elsewheie 

Moigagni,- in 1761, described multiple cysts on the pancreas, mesen- 
tery and omentum in a cadaver Claessen,® m 1842, reviewed a 
senes of cases from ’the literature “The tieatment (of cysts of the 
pancreas) must be of the symptoms as they arise and by diet,” wrote 
Friedreich,^ m 1875, in the first basic monogiaph on the subject As 
early as 1862, Le Dentu ^ punctured a cyst of the panel eas and drained 
it, in the belief that it was a cyst of the liver Peritonitis developed, 
and the patient died “C)"sts of the pancreas,” he wrote, after this 
experience, “should be relegated to the list of those affections wheie 
the healing art is impotent ” 

* Submitted for publication, May 16, 1930 
From Division of Surgery, the Maj o Clinic 
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Lucke,® m 1866, diauied a c}st of the panel eas, the patient died 
Bozeman,’' in 1881, extiipated a c}st successfully The next 3 ^eai, 
Gussenbauer,® a pupil of Bilhoth, made a tentative diagnosis of cyst 
ot the pancreas before operation and devised a method of drainage 
wheieby he sewed the parietal peiitoneum to the skin, and the walls 
of the cyst to the parietal peritoneum Mai supiahzation became, and 
has remained, a standard surgical pioceduie 

There followed detailed studies of individual cases of C 3 ^st by 
Fenger,® W J Mayo,^® Osier, McBurne 3 Senn,^® and otheis 
Experimental woik was done by Senn and Thiroloix Such studies 
weie leviewed in monographs by Koite,^® Lazaius,^’ and Oser,’^® and 
much of our present knowledge is based on them 

The body of the pancreas lies behind the stomach It is on a level 
AMth the first lumbai Aertebia and on the boundai 3 behveen the peri- 
toneal and letropentoneal spaces The cyst makes its way toward the 
anterior parietal peiitoneum in the line of least lesistance Hence, its 

6 Lucke, A , and Klebs, E Beitrag zur Ovanotomie und zur Kenntnis der 
Abdommalgeschwulste, 'Virchows Arch f path Anat 41 1 (Nov) 1867 

7 Bozeman, N Removal of Cyst of Pancreas 'V^'cighing Twenty and One- 
Half Pounds, M Rec 21 46 (Jan 14) 1882 

8 Gussenbauer, Carl Zur operatn^en Behandlung der Pankreascysten , Arch 
f khn Chir 29 355, 1883 

9 Fenger, Christian A Case of Traumatic Cyst of the Pancreas, Chicago 
M J & Exam 66 74, 1888 

10 Mayo, W J Pancreatic Cvst Uretero-Vaginal Fistula, the Result of 
Vaginal Hjsterectomj Successful Reimplantation of Ureter into the Bladder, 
M Rec 45 168 (Feb 10) 1894 

11 Osier, William Lectures on the Diagnosis of Abdominal Tumors Lecture 
V Tumors of the Intestine, Omentum and Pancreas, Miscellaneous Tumors, New 
York M J 59 545 (May 5) 1894 

12 McBurney, Charles Cjst of the Pancreas, Ann Surg 19 492, 1894 

13 Senn, Nicholas The Surgical Treatment of Cysts of the Pancreas, Am J 
M Sc 90 17 (July) 1885 , The Surgery of the Pancreas, As Based Upon Experi- 
ments and Clinical Researches, ibid 93 121 (Jan) 1887, Experimental Surgery, 
Chicago, W J Keener, 1889, p 379 

14 Senn, Nicholas The Surger> of the Pancreas, as Based on Experiments 
and Clinical Researches, Am J kl Sc 92 141 (July) 1886 

15 Thiroloix, J , quoted b-\ Oser (footnote IS) 

16 Korte, W Die chirurgischen Krankheiten und die Verletzungcn des Pan- 
kreas, Deutsche Chirurgie, Stuttgart, Ferdinand Enke, 1898, pp 234 

17 Lazarus, Paul Beitrag zur Pathologic und Therapie der Pankreaser- 
krankungen mit besonderer Berucksichtigung der C^sten und Sterne Ztschr 1 
khn Med 51 203, 1904 

18 Oser, Leopold Diseases of the Pancreas, m Nothnagel Encidopedia of 
Practical Medicine Diseases of the Luer Pancreas and Suprarenal Capsules, 
Philadelphia, W B Saunders Compam 1903, p 180 



840 ARCHIVES OF SURGERY 

ultimate lelations aie influenced by the point of oiigin in the gland, the 
reflection of the peritoneum, and the ariangement of the ovei lying 
visceia Most frequently, the cyst presses into the lesser peritoneal 
cavity and presents between the stomach and the transverse colon, and 
behind the gasti ocolic omentum ( fig 1 ) The next most common site 



Fig 1 — The relations of cjst of the pancreas to abdominal viscera The most 
common site is exemplified in c, next in frequency are the situations shown respec- 
tnelj in a and b The situation shown in d is verj’^ infrequent 

IS beUveen the stomach and the In'er oi protruding into the lesser peri- 
toneal cavit}’- behind the stomach (fig la and b) However, the C}st 
may invaginate itself betw^een the la)ers of the mesocolon, and wdien 
it does this it usuallv presents behind the transverse colon Anatoini- 







JJjDD ET AL— PANCREATIC CYSTS 


841 


call}, the la}ers of the trans'^erse mesocolon separate along the pancreas 
and cover its anterior surtace The cyst Mill rarel} cause bulging of 
the inferior suiface of the transverse mesocolon doumvard and for- 
ward, and so aviU he below the colon, as in the cases repoited by 
Hersche and others In one of the cases m our series, the cyst m as 
found in the pelvis, bet\veen the laj ers of the mesocolon of the sigmoid 
Martin reported finding a cyst of the pancreas directly behind the 
descending colon The cyst may burrow toward the pelvis m holly 
retroperitoneally, as in the case reported by Hulke A c} st reported 
by Primiose-^ had burrowed behind the posterior paiietal peritoneum 

Most important in the recognition of cysts of the pancreas aie the 
character and situation of the mass A smooth, relativel} immobile 
hemispheric swelling, uith tense Malls, is characteristic In most of 
the cases, such a swelling is in the upper part of the abdomen betM een 
the ensiform cartilage and the umbilicus, in the median line or to the 
left of it In forty-five of the forty-seven cases, more than 95 per 
cent, a tumor was felt above the umbilicus In tM'enty-one cases, it M^as 
to the left of the median line, in eleven, approximate!}- in the median 
line, and in thirteen, to the right of the median line In one case, the 
tumor was felt in the pelvis and M^as found to be enclosed in the mesen- 
tery of the sigmoid A mass was felt in one hundred and fouiteen of 
Korte’s one hundred and tM'enty-one cases Mdiich M'ere reviCM’^ed from 
the literature, in forty-eight cases the mass M'as in the median line, in 
forty, It was situated to the left, and in ten it M'as situated to the right 
of the median line, in sixteen cases, the mass appeared below the level 
of the umbilicus 

Cyst of the pancreas, as a rule, is relatively immobile When it is 
situated in the tail of the gland, and Muthout adhesions, it may be 
freely movable Mobility was noted in eleven of the cysts in our 
series Nine of the mobile cysts M^ere found to originate in the tail of 
the gland In two cases, the point of origin M^as not given Respiia- 
tory movements will be felt M-hen the C}st is in contact Math the dia- 
phragm, or Mdien pressure is transmitted from the diaphragm Five 
cysts M'ere noted as moving Math respirations Of this number, tMO 

19 Hersche, J Operation einer Pankreascyste ^on seltener anatomischer 
Lagerung, Wien klin Wchnschr 5 727 (Dec 22) 1892 

20 Martin, A Em Fall \on Pankreasci ste, Virchows Arch f path A.nat 
120 230 (Maj) 1890 

21 Hulke Pancreatic Ost, m Reports of the Clinical Socieh of London 
Lancet 2 1273 (Dec 3) 1892 

22 Primrose, A Pancreatic Cjsts and Pseudocjsts Report of a Case of 
Total Extirpation b% an Extrapentoneal ^Method, Surg G>nec Obst 34 431 
(April) 1922 
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were found next to the livei and two weie veiy large The peicussion 
note IS deadened wheie the tumoi is most piomment, in the periphery, 
an intestinal percussion note can be demonstrated A zone of tympanitic 
percussion usually is found between the cyst and the liver Palpation 
and percussion in various positions of the body will help to clarify the 
relation of the mass to abdominal oigans 

The appearance of the mass is the most impoitant objective symp- 
tom Twenty-foui of the foity-seven patients complained of a mass 
in the abdomen Three of this numbei described it as fulness In the 
majority of cases, the mass developed giaduall) However, in one 
instance it was noticed thiee days, and in anothei six days, aftei an 
accident " One patient said the mass appealed ovei night Anothei 
patient complained of a feeling of pressuie in the epigastiium, but 
only when the stomach was filled with food Payi cited a case in 
which the tumor disappeared and lecuired three times in two months 
The cyst described by Plersclie fluctuated in size Two of the patients 
in our senes gave a history of disappearance of the mass In one of 
the two, a cystadenocai cmoma was found 

Pam is the most impoitant of the subjective sj'mptoms of cyst of 
the pancreas Forty-three of the foity-seven patients (91 per cent) 
complained of pain Studies concerning the incidence of pain in 
patients who have only cyst of the pancreas aie not available in the 
literature Disease was found in othei organs in nineteen cases in 
our senes In tliirteen cases, choleliths weie piesent, and in three, 
gross evidence of cholecj-stitis only was found Moie than 34 pei 
cent, therefore, gave evidence of cholecystitis, as compared to 41 pei 
cent of the series reported by Judd in 1921 Gioss evidence of pan- 
creatitis was found in four cases, in one of which pancreatic stones 
were present In one case, the pancreatitis was found together with 
cholelithiasis Pancreatitis was found with duodenal ulcei and appen- 
dicitis in another case Necrosis of abdominal fat was found in one 
case of pancreatitis In twenty-eight cases, only cyst of the pancreas 
w'^as found, tw^enty-foui of these patients, moie than 85 per cent, com- 
plained of pain The four cases classed as malignant and probablj 
malignant were in this group In thirteen cases, the pain was in acute 
attacks In eleven cases, the pain was moie or less steady Four 
patients with cyst onlj did not complain of pain, although tw'O in this 
group said they had indefinite abdominal distiess A malignant c\st 
was found in one of the four cases 

23 Pa% r Eruin Panl\rca‘:c%ste seltcne Topographic, Operation und Heiitiiu 
Wien klm Wchnschr 11 629 (Time 30) 1898 
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Cholecystitis and pancieatitis are fiequently associated with cyst of 
the pancreas and must be considered in evaluating the symptoms of this 
disease Oigans in the upper part of the abdomen are in intimate 
association The frequency of cholecystic disease in cyst of the pan- 
creas indicates that cysts of the pancreas, following inflammatory mani- 
festations in the uppei part of the abdomen, piobably are only obvious 
lesidual signs of a process which has involved not only the pancreas, 
but adjacent organs as well 

Of the associated symptoms, influence on the general health, jaun- 
dice and nausea and vomiting are significant The general health was 
affected severely m most of the cases in our series Loss of weight 
and weakness were two of the most common symptoms In nineteen 
of the forty-three patients who had unquestioned benign cyst, there 
was no loss of weight In twenty-nine of the total number of forty- 
seven cases, the losses ranged from 4 to 60 pounds ( 1 8 to 27 2 Kg ) 
Seventeen patients lost less than 25 pounds (113 Kg ), and twelve 
lost more than 25 pounds (113 Kg ) Of the two patients with malig- 
nant cysts, one lost 10 pounds (4 5 Kg ) in three months and the other 
lost 17 pounds (7 7 Kg ) in a year Of the two patients with cysts 
which were probably malignant, one lost 10 pounds (4 5 Kg ) in two 
weeks and the other lost 20 pounds (9 0 Kg ) in four months Nausea 
and vomiting were common complaints 

In ten cases theie was a definite liistoiy of jaundice In three 
other cases, the Instory of jaundice was doubtful Of the thirteen 
cases, cholecystitis with stones was present m three, and a thickened 
gallbladder m two Jaundice was said to be caused by pressure of the 
cyst on the common bile duct in nine of one hundred and twenty-one 
cases which were leviewed by Korte Excess fat m the stools was 
found in only two cases in our senes In one case, stones were pres- 
ent m the duct of Wirsung, and in the other case the wall of the gall- 
bladder uas thick In three cases there was a history of diarrhea 
Evidence of cholecystitis was found in tv o of the three cases and there 
was a history of jaundice in one of the two In three cases, the patients 
gave a history of having passed cla} -colored stools In one case, only 
a c} St was found In one case of cyst of the pancreas and chronic chole- 
cystitis with stones the patient had had spells dm mg which tarry stools 
were passed In eighteen cases the patients complained of constipa- 
tion Unilateral hematuria in a case reported by Ransohoff^^ w^as 
tound to be due to pressure of the pancreatic cist on the left renal lein 

24 Ransohoff To'eph Pancreatic C\st as a Cause of Unilateral Hematuria, 
with Report of a Case Tr South Siirg- & G^^ec ^ 28 119 1915 
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The interval between onset of first s>inptoms and the patient’s 
admission in our series varied from two weeks to twenty years Five 
patients gave a histoiy of symptoms extending ovei a month or less 
Twenty-five of the forty-seven patients, more than 53 pei cent, gave a 
history of less than twelve months’ duration Hulke saw a patient 
who apparently had had a cyst for forty years Sensations of epigas- 
tric distress, weight and fulness early m the disease were complained of 
There were twenty-eight women and nineteen men m our series 
The age distribution is shown m the tabulation In Korte’s one hundred 
and twenty-one cases reviewed from the literature, there were sixty 
men and fifty-six women Sex was not specified in five cases Thirty- 
six cases occurred in the fourth decade and thirty in the third decade 
Of the patients who had benign cysts in our series, the youngest was 20 
and the oldest 72 years of age Railton repoi ted a case in an infant 
aged 6 months Two of the forty-seven cysts were pioved to be malig- 


Aff^ Disti ibuhon by Decades of Pahents W ith Cyst of the Panci eas 






Prolnbh 

Decade 

Cases 

Benign 

Malignant 

Malignant 

Third 

11 

11 



Fourth 

0 

7 

«> 


Fifth 

12 

12 



Sixth 

9 

9 



Serenth 

5 

3 


2 

Eighth 

1 

1 



Total 

47 

43 

O 

2 


iiant at neciops} Two were classified onl} as probably malignant 
because microscopic confirmation was lacking 

With a rapidly rising tumor of the epigastnum following acute 
inflammatory conditions, cyst of the pancreas becomes a probability 
C}st of the ovary, mesenteric and omental cyst, cyst of the livei, 
h}' drops of the gallbladder, cyst of the suprarenal capsule, fluid tumoi 
of the kidney, letroperitoneal tumors, cyst of the posterior gastric wall, 
cyst of the spleen, and aneuiysm, may have to be considered in diflPei- 
entiation Large cysts of the pancreas aie reported in the literature 
as being mistaken frequently for ovarian c}st The uterus is m its 
normal position, usually, when cyst of the pancreas is present, and it 
is possible to palpate the ovary in most cases , in cases of large ov arian 
cvst, the uteius is more likely to be pushed to the side of the pelvis 
The patient may aid the differentiation of ovarian and pancreatic cyst 
by relating that the mass grew from above downward or from below 

upw ard 

25 Railton T C Ca<:e ol Pancreatic Cvst m an Infant, Brit M T 2 HIS 
COct in 1896 
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]\Ioynihan stated that mesenteric cysts are chaiactenzed by promi- 
nence of the tumor near the umbilicus, great mobilit}', especially trans- 
■\ ersely, possibility of rotation about a central axis, and the presence of 
a belt of resonance across the cjst A c}St of the omentum usually is 
ver} mobile However, if it arises directly below the greater curvature 
of the stomach, such a cyst may give signs and s}mptoms identical 
vith cyst of the pancreas 

Hydatid cjst of the liver ma> cause hemisphenc bulging in the 
epigastrium A band of resonance separates a pancreatic cyst from 
the liver m typical cases and aids in differentiation In giant hydrops 
of the gallbladder, the dulness of the tumor and of the liver is nearly 
always continuous The hydrops will ha^ e axial mobility unless 
restrained by adhesions Suprarenal c}sts are less common than cysts 
of the pancreas, Moymhan stated that they enlarge most commonly 
above the transverse mesocolon However, the}’ may grow between 
the layers of the transverse mesocolon Obvioush , distinction from 
c}sts of the panel eas is impossible vith such relations 

Fluid tumors of the kidney, such as hydronephrosis, c}sts and pyo- 
nephrosis, usually are ruled out by the history and urograms Retro- 
peritoneal sarcomas may present similarit}’’ to C} sts of the panel eas but 
are nonfluctuant unless c}stically degenerated Retroperitoneal cysts 
and cysts of the posterior gastric wall may take the same line of growtli 
as cysts of the pancreas, and distinction is hardly possible An area 
of resonance usually separates cyst of the pancreas from the spleen, 
and distinguishes it from splenic c^st A C}St of the pancreas which 
lies over the aorta may be confused wuth aneur}'sm Expansile pulsa- 
tion IS absent in a cyst Abscesses of the pancreas arise rapidly and 
aie more sensitne to pressure than cysts Total necrosis gives rise to 
much more severe S}mptoms In summarj^ differential diagnosis ma} 
he restricted to ovarian, mesenteric omental, splenic and hepatic c}sts 
Indiops of the gallbladder, fluid tumors of the kidne}, retroperitoneal 
sai comas and aortic aneur}sm Suprarenal and retroperitoneal cysts 
and cysts of the posterior gastric wall are indistinguishable from cysts 
of the pancreas, but are extreme!} rare 

Roentgen examination is a major aid m the diagnosis of cists of 
the pancreas A filling defect in the stomach vhich can be eliminated 
by displacing the stomach or displacement of the duodenum and small 
intestines points toward the diagnosis of cjst of the pancreas An 
enlarged duodenal curie is characteristic of enlargement in the region 
of the head of the pancreas Small cists may be confused roentgeno- 
logical!} with benign tumors of the stomach The stomach and colon 

26 'Moi'nihan B G \ Mesenteric Cists \nn Surj: 26 1 (Tuh) 1897 
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have been dilated as an aid in diagnosis Gussenbauer called attention 
to this, and the method was used commonly befoie the advent of roent- 
gen rays Diagnostic aspiration is dangeious and is of histone interest 
only The presence of a ferment in the cystic fluid is not diagnostic, 
for other fluids, such as ascitic fluid, the contents of ovarian cyst, and 
pleuial exudates, have been found to contain starch-sphttmg feiments 
In many cysts of the pancreas, feiments aie not to be found 

Cyst probably was the first disease of the pancreas to be tieated 
suigically Choice of opeiation depends on the size, variety, situation 
and condition of the cyst The ideal treatment is complete removal, 
if possible, because by such a pioceduie the inconvenience of prolonged 
diainage is obviated In the clinic the lemoval -ft as not attempted 
except in carefully selected cases With such precautions there was 
little difference as to the iisk and the ultimate outcome between removal 
and drainage A small cyst with few adhesions situated prefeiably in 
the tail of the pancreas with narrow pedicle usually should be extirpated 
In cases in which the cyst is laige and adherent and in which the 
glandular tissue enci caches consideiably on the cyst, inaisupiahzation 
IS the method of choice 

Seven of the forty-seven cysts in this senes were excised com- 
pletely Most of these cysts measured fiom 6 to 10 cm in diametei 
One cyst of a diameter of 20 cm was lemoved Thnty-three of the 
cysts w ere mai supiahzed and drained in one stage The cyst is drained 
by a pLinctuie with a needle, and the apeiture is clamped The peri- 
toneum covering the cyst, and the parietal peritoneum, are sutuied, 
the C}st is opened, and a rubbei cathetei and sometimes iodoform 
gauze are introduced In some cases the cyst was packed Sometimes 
a purse string suture was applied about the drainage tube Total 
excision was cairied out in seven cases, m all of which the cysts weie 
benign Paitial excision and drainage was done in six cases Exploia- 
tion only was done in one case, in which the cyst was malignant 
Epithelial lining usually is absent from the cyst Judd advocated des- 
troying such a membrane mechanically, when one is present Schwj- 
zer-' applied tincture of iodine to the interior of the cyst Priiniose 
sewed the posterior parietal peritoneum to the anterior parietal peri- 
toneum before opening the C 3 'st Other procedui es that have been used 
for cyst of the pancreas are aspiration, partial extirpation, anastomosis 
ivith the gallbladder, anastomosis with the jejunum and puncture of 
the cyst with subsequent roentgen treatment Schwyzer used the extra- 
peritoneal appi oach through a lumbar incision Peters exposed a 

27 Schw'jzer, Arnold Discussion, Minnesota Med 4 82 (Feb) 1921 

28 Peters, G A Hjdatid Cjst of the Tail of the Pancreas, Canad Pract & 
Rc\ 26 75 1901 








848 


ARCHIVES OF SURGERY 


cyst in the tail of the pancreas by a left luinbai incision paiallel to 
the last rib Willis-® excised a cyst which was adheient to the aoita 
and Kosihski is said to have divided the pedicle of a cyst by canter} 
Dangers of allowing a cyst to remain, aside from the inconveni- 
ence to the patient, aie piobabihty of enlargement, tin eat of mechanical 
inteiference with other organs and the possibility of riiptuie 

Aspnation has been found dangerous and futile It should not be 
thought of for diagnostic purposes Moynihan stated that it should 
be consideied only when the patient is ill from anothei disease and is 
suffering so acutely from pressure that the tension must be lelieved 
in order to prepare the patient for lapaiotomy In one case in oui 
senes scais of repeated aspirations, done elsewheie than at our clinic, 
were noted below the umbilicus 

Diabetes mellitus was present in thiee of the cases in our senes 
In one case the mine contained 1 33 Gm of sugai pei bundled cubic 
centimeteis at the time of operation, but the mine was free from sugai 
a year later 

Persistent discharge from the fistula made by drainage may become 
a troublesome complication Kerr reported a case m which the 
fistula had drained for fifteen years From 500 to 600 cc of secretion 
was dischaiged daily from a fistula in a case of panel eatic cyst leported 
by Cushing^" Cullei treated two patients with roentgen rays to 
hasten closui e Hamilton used radium in a fistula of a pancreatic 
cyst Gutierrez transplanted a fistulous tract fiom the pancreas into 
the stomach The wound healed rapidly and the patient recoverd 
After mai supialization in our senes the dischaige persisted a few weeks, 
sometimes a few^ months, following which the patient did not com- 
plain furthei of symptoms leferable to the cyst In one case the cyst 
was diained twice In a few instances, the wound continued to dis- 

29 Wilhs, A M , and Budd, S W Pancreatic C 3 "sts with Report of a Case, 
Surg Ginec Obst 20 688 (June) 1915 

30 Kosinski, J Annotations The Pancreatic Juice in the Human Subject, 
Lancet 1 948 (April 25) 1891 

31 Kerr, A A Cysts and Pseudocysts of the Pancreas, wuth Report of 
Cases, Surg Gynec Obst 27 40 (July) 1918 

32 Cushing, H W Traumatic Rupture of the Pancreas Formation of 
Hemorrhagic Cyst , Operation, Followed by Pancreatic Fistula and Recovery, Bos- 
ton M & S J 138 429 (May 5) 1898 

33 Culler, R M Cure of Pancreatic Fistula by the Roentgen Ray, JAMA 
75 20 (July 3) 1920 

34 Hamilton, C S Prolonged and Profuse Postoperative Drainage of Pan- 
creatic Cyst and Use of Radium, Surg Gynec Obst 35 655 (Nov) 1922 

35 Gutierrez, A Implantation into the Stomach of a Pancreatic Fistula Fol- 
lowing C^st, Internat Abstract Surg 43 214 (Sept) 1926 
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charge for as long as a year, and rarely for as long as two yeais Bone 
acid ointment, collodion, or other protective substance has been spread 
over the skin about the wound If the wall does not contain an epi- 
thelial lining, the cyst fills in gradually with granulation tissue In 
our series, no patients returned to the clinic with sinuses that had 
drained for more than two years 

SUMMARY 

A clinical analysis is presented of forty-se\en cases ot cyst of the 
pancreas m which operation was done at the Mayo Clinic in the past 
ten years The tumor was felt above the umbilicus m more than 95 
per cent of cases Cholecystic disease was present m more than 34 
per cent More than 85 per cent of the patients in whom only cyst 
of the pancreas was found complained of pain Nine of eleven c)sts 
noted as being mobile were found to originate m the tail of the gland 
With careful selection of cases for extirpation there was little difference 
as to iisk and ultimate result between extirpation of the cyst and 
drainage 



UNDESCENDED TESTIS 

PRINCIPLES AND METHODS OF TREATMENT 
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UndescendecI testis is a condition fiequently seen by the surgeon, 
especially the genito-urinaiy surgeon As the condition is generally 
noted eaily in life by anxious parents, the patients aie soon brought foi 
expel t opinion and advice, a fortunate occurrence, as practically all such 
afflicted children aie thus seen by the medical profession early enough 
to escape peimanent testicular damage incident on long delay m surgical 
coi 1 ection 

Observers have diffeied legarding the incidence of this condition 
MaishalU of Edinbuigh, on examining reciuits for the British and 
conscripts for the French armies, leported in 1828 an incidence of 1 02 
per cent among 10,800 men examined Zeibert," 1898, reported an 
incidence of 0 2 pei cent in 6,962,543 examined in the Austrian aimy 
between 1870 and 1882 Bevan ® estimated the incidence at 1 in 500 
The United States War Department^ reported 3 1 pei thousand men 
examined for the diaft, or an incidence of 0 31 pei cent 

It has been a constant obseivation that cryptorchidism occurs most 
frequently on the right side In Coley's group of cases, 238 were 
right-sided, 188 left-sided and 55 bilateral Berger,® reporting 116 
cases, found one-half to be right-sided, one-fourth left-sided and one- 

* Submitted for publication, July 7, 1930 
From the Department of Surgery, University of Michigan Medical School 

1 Marshall, H Hernia Among Recruits for the British and Conscripts for 
the French Armies, Edinburgh, 1828 

2 Zeibert, K A Ueber Krj ptorchismus iind seine Behandlung, Diss 
Heidelberg, 1898 

3 Beian, Arthur Dean Operation for Undescended Testicle and Congenital 
Inguinal Hernia, J A M A 33 773 (Sept 23) 1899, The Surgical Treatment of 
Undescended Testicle, ibid 41 718 (Sept 19) 1903, in Keen Surgen 
Philadelphia, W B Saunders Company, 1908, lol 4, p 592, \Tch f him Chir 
72 1035, 1904, Tr Am Surg A 47 314, 1929 

4 Defects Found in Drafted Men, Draft Record, War Department, U S ^ 

1920 

5 Colej, W B Operatne Treatment of Undescended Testis uith Retercnce 

to End-Results, Surg Gjnec Obst 28 452 1919 

6 Berger P L ectopie testiculaire dc 1 adulte Res gen de elm et dc 

therap 22 12, 1908 
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tourth bilateral In oui group, the left side was found to be most 
often afflicted 

The etiology of undescended testis is by no means a closed chaptei 
Many theories to explain this condition have been advanced Some of 
them are as follows 

1 According to one theoiy, undescended testis is caused by condi- 
tions associated with the gubernaculum testis, such as paial}sis of its 
muscle fibers, faulty attachment to the testis or even absence of guber- 
naculum 

2 Anothei theory is that the abiiQimality is caused by obstruction 
to the normal descent in the inguinal canal by either nan owing of the 
entire canal or stenosis of the external iing This theory suffeis badh 
when one considers that m many cases of cryptoi chidism the testis can 
be drawn up into the inguinal canal leadily by the mere foice of the 
ciemastenc reflex 

3 Another theoiy, inteiesting but difficult to believe, is that adhesions 
occur between the peritoneum and the testis, epididymis oi spermatic 
cord Some even go so far as to ascribe these adhesions to fetal peii- 
lonitis 

4 The length of the speimatic vessels has been given consideiation 
by some as a cause Obseneis have constantly noted shoitness of the 
vessels and many have laid the blame there, but it has been suggested 
that this shoitness is a lesult rathei than a cause 

5 Turnei ^ of Guy's hospital, in 1925, piopounded a theoiy that 
faulty position of the fetus m utero causes abnormal piessure of the 
thigh against the inguinal canal and prevents complete descent of the 
testis into the scrotum 

Otheis have suggested that abnormalities of the testis oi of the 
epididymis aie lesponsible The hereditary factor has also come in foi 
Us share of blame 

That an) single cause is a constant etiologic factor is difficult to 
belierc Ceitain it is, however, that m operations for this deformiti 
the shoitness of the spermatic \essels ofteis the greatest obstacle to 
placing the testis in the bottom of the scrotum 

The undescended testis is geneially found to be somewhat smallei 
and of softer consistenci than normal Accompaniing indirect inguinal 
hernia of some degiee is the lule, though this is not true in all cases 
Vs preMOUsh mentioned, the speimatic \essels are alwaxs shoit and 
generalh bound down by fascial bands and adhesions, their length 
<Ietermining the le\el at which the testis lies The ras on the othci 
hand, is found to be of normal and adequate length, and m ai rested 

7 Turner, P Xinhsi*; of Results m Tnu Cases of Trm^ccptal 0'-clndopc\\ 
lor Iinperfccth Dc'ccmkd Tc<;ticle Gin’s Ho^p Rep 75 20'^ 192' 
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testes sometimes loops down out of the external nng into the sciotum 
We have observed several such cases The scrotum, while it vanes 
considerably in size, often gives the appearance of being ludimentaiy 
This appearance has led some obseners to believe that failure of scrotal 
development plays an etiologic idle Observation of operative cases 
leads one to a contrary opinion 

All undescended testes eventually undergo moiphologic and func- 
tional change Hunter,^ in 1791, pointed out that the abdominall} 
letamed testis was probably more defective than those arrested along 
the inguinal canal Recent investigations by numerous observers, most 
notably Ciew,® FukuO® and Moore,^^ have amply borne out this eail} 
observation The woik of Moore of Chicago is of more than passing 
interest in this connection Dm mg the past ten leais this mvestigatoi 
has done a tremendous amount of leseaich woik on animals of all 
types, and has definitely established the fact that ele\ation of temperature 
IS the essential factor in retarded testicular development m cryptorchid- 
ism Some of his experiments will bear citing On progressively 
shortening the sciota of sheep and goats until the testes eventuall} la} 
flush against the body, piogressive degeneiative changes in the testes 
w'ere noted so far as speimatogenesis was concerned Likewise, experi- 
mental cryptorchidism, of both the abdominal and inguinal types, 
brought about these changes He further established his thesis b} 
ingeniously insulating the sciotum against loss of heat by radiation, and 
here again produced the same changes On leturning the testes to then 
normal sciotal position in the operative cases, and on deinsulatmg the 
others, he was able further to observe a return to normal spermato- 
genesis Confirmatory evidence ivas also obtained by direct application 
of heat to the laboratory animals’ genitalia for varying periods of time 

The morphologic changes within the undescended testis have been 
observed repeatedly, and obseivers are in agreement as to these changes 
Briefly summarized, the accepted mcws are as folloivs 

8 Hunter, John Observations on Certain Parts of the A.nimal Economi, 
ed 2, London, 1792, p 1 

9 Crew, F A E A Suggestion as to the Cause of the A.sperrnatic Con- 
dition of the Imperfectly Descended Testis, J Anat 56 98, 1921-1922 

10 Fukui, A On a Hitherto Unknown Action of Heat Ray on Testicles, 
Japan M World 3 27, 1923 

11 Moore, Carl R Cryptorchidism Artifically Produced, Proc Am Soc 
Zool , Anat Rec 24 383, 1922-1923 , On the Relationship of the Germinal 
Epithelium to the Position of the Testis, ibid 25 142, 1923, The Behavior of 
the Testis m Transplantation, Experimental Cryptorchidism, Vasectomy, Scrota 
Insulation and Heat Application, Endocrmologi' 8 493, 1924 Moore and Oiase 
Heat Applications and Testicular Degeneration, ^nat Rec 26 344, 1923 

and Oslund Experimental Studies on Sheep Testis, Anat Rec 26 ^43, 19- 
liloore and Quick The Scrotum as a Temperature Regulator for the lestis 

Am J Ph\siol 68 70, 1924 
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1 The furthei the pi eadolescent testis has descended in its noimal 
loute, the more noimal does it appear histologicall) 

Cooper/- m a gland at the external inguinal img in an adult male, 
found paits showing complete speimatogenesis Hobda} tound 
spermatogenesis in testes that remained in the lower part of the inguinal 
canal, but m those found in the upper part of the canal or abdomen 
this was raie Bland-Sutton found, however, one case showing com- 
plete speimatogenesis m an abdominal testis 

2 The }oungei the age at which a letained gland is examined, the 
moie nearly noimal aie its moiphologic appearances 

Rawlings found that undescended testes in boys under the age of 
10 3 ^ears show no moiphologic changes, but in those examined aftei 
puberty it could readily be seen that the oigan had not undergone 
changes incident to puberty 

Odioine and Simmons stated "testes though undescended are of 
normal ^tiuctuie during childhood but undergo none of the noimal 
changes of pubert} ” 

Cooper found that cell differentiation and spermatogenesis began 
to develop at about the age of 11, and that at puberty the tubular cells 
began to show degenerative changes in the retained testis Complete 
degeneiation he found to be a slow process 

Bland-Sutton suggested that retained testes may show spermato- 
genesis for a time after puberty 

Beigel found active speimatozoa m the semen of a man, aged 22, 
with bilateial inguinal letention 

Odoirne and Simmonds demonstrated active spermatogenesis in 
an undescended testis of a man, aged 30 

3 The inteistitial cells of Lejdig are apparently not influenced by 
the abnoimal situation of a retained testis As a matter of fact, some 
observeis have noted an overabundance of this t 3 'pe of cell in the unde- 
scended testis (Cooper 

12 Cooper, ERA The Historj of the Alorc Important Human Endocrine 
Organs at Various Ages, New York, Oxford Unnersitj Press, 1925 Histologj 
of the Retained Testis in Human Subjects at Different Ages and Its Comparison 
with Scrotal Testis J Anat 64 5, 1929 

13 Hobdai, E T G Castration and Oianotomj^ ed 2, London, Y 5L A. K 
Johnston, 1914 

14 Bland-Sutton, J The Value of the Undcscendcd Testis Practitioner 
84 19, 1910 

15 Rawlings, L B The Surgical Treatment of the IncompleteK DL^ccndcd 
Testis, Practitioner 81 250, 1908 

16 Odiorne W B , and Simmons, C C Undescended Testicle Ann '^urg 
40 962 1904 

17 Beici.! ^lrch^w^ \rch i path \nat 38 144 1867 
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From these established,- '][cts, one can safely say hist, that oichido- 
pexy had piobably best bd ei formed befoie the age of 9 , second, that 
even after puberty and including the third decade, the operation may 
save a gland capable of some spermatogenesis, and thud, that on 
account of active inteistitial cell development in these glands, orchid- 
ectomy should nevei be given consideration at any age 

The incidence of malignancy has been gn en wide stud} , with im es- 
tigatois coming to no complete agreement The prepondei ance of eii- 
dence would seem to indicate a gieatei incidence in the abnoimall} 
placed group Suiely the noimally placed gland, by reason of its 
accessibilit} , will gn e evidence of abnormality earliei in event of malig- 
nant change than the abnoimally placed one We have felt that this 
alone should offer sufficient reason for performing oichidopexy at 
any age 

The earliest recoided orchidopexy was desciibed by Rosenmeikel,^'* 
in 1820 This opeiation consisted mereh of fixation of the testis to the 
fundus of the scrotum with a suture Since that day about thirt} 
different methods have been devised Of these, a few bear mention as 
showing some variation in principle of piocedure 

(1) Fixation of the testis to the fundus of the scrotum by various means, 
with further feature of a purse-string at the scrotal neck 

(2) Various types of traction by thread, wire or elastic stretched between the 
testis and the thigh, perineum, heel or wire frame 

(S') By fixation to the thigh, such as m the Torek method-® 

(4) By transplantation within the scrotum into the opposite scrotal sac, as in 
the Ombredonne operation 21 

The first type has the objectionable featuie of the purse-string 
above the testis, which may interfeie with the cii dilation of the testis 
The Bevan ® opeiation, which falls in this group, has the fiirthei 
objectionable feature of dividing the spermatic vessels m those instances 
in which complete descent is otherwise impossible Be\an excused this 
piocedure by stating that the deferential artery that accompanies the 
vas IS sufficient to supply the testis Experience has hardh borne out 

18 Rosenmerkel Ueber die Radicalcur des in der Weiclie liegendcii Tcstikcl-: 
bei nicht lollendeten Descensus desselben, Munich, J Lindauer, 1820 

19 Eiduell, L A A Modified Operation for the Relief of Undescciidcci 
Testis, Lancet 1 1439, 1893 Lanz Der ektopisch Testikel, Zentralbl f Clur 
16 425, 1905 Delbet, P De I’ectopie testiculaire et de son traitcment pir h 
fixation cutanee prepubienne du testicule Assoc franc de clur 19 754, 1906 

20 Torek, F New York M J 90 948, 1909 Meier, H \V Undescended 

Testicle, Surg Gynec Obst 44 53, 1927 ^ 

21 Ombredonne, L L’orchidopexie chez I’enfant, Gaz med de France 2 
1928 Hicgms and V elti Surgical Treatment of Undescended Testis, Snr- 
Gvnec Obst 48 536, 1929 
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this assertion The Torek method of fixation to the thigh as ell as 
the transscrotal orchidopexy offei the objection that they are formid- 
able procedures and applicable onl} m cases in which complete descent 
of the testis can be obtained 

TECHNIC 

During the past two years at the University Hospital clinic, a method utilizing 
the principle of constant traction has been employed A skin incision is made 
trom 2 to 3 inches (5 to 7 6 cm ) in length, extending from the internal inguinal 



Opcratne procedure 


ring down to the neck of the scrotum The inguinal canal is opened m the 
usual manner, the external jing being incised The testis and cord are then 
exposed and isolated The processus \aginalis is next dissected carefulh irom the 
cord structures and dealt with as any indirect inguinal hernial sac ^Vhc^ a 
complete hernial sac is found, we think it unwise to close the lower end of the 
processus aagmahs as Iwdrocele is almost certain to lollow The cord structures 
are now' freed up to the internal ring from the manr fibrous bands that a'-e found 
to be surrounding them and producing much ot their apparent shortening \\ ith 
one linger m the retroperitoneal space, the spermatic \essels arc freca irom the 
posterior surface of the peritoneum The cord structures will nov be round to 
permit a fairh normal descent oi the testis A. finger is next pushed dov n into 


22 \fixtcr I, nde'-ccndtd Tc-ticle in Cnildren Boston M ? T 75 j936 
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the scrotum to establish a bed in which the testis is to he A long catgut suture 
with a straight needle at each end is then passed through the remains of the 
gubernaculum at its lowest point and tied so that the two ends can be used for 
traction on the testis The needles are then introduced into the scrotum and 
pushed out through the skin at the lowest point, about 0 5 cm apart With 
the sutures so placed, the testis is drawn well down into the scrotum The sutures 
are then attached to a wire frame and rubber band so as to produce constant gentle 
downward traction on the testis The inguinal incisions are next closed by any 
method that will give greatest length to the cord The traction thus applied is 
left on for about twelve days, being adjusted occasionally during that period so 
as to remain constant It has been found in many cases in which the testis can 
only be brought down to just outside the external ring at operation, that after a 
few dajs of such elastic traction the testis descends w'ell down into the scrotum 

RESULTS 

The principle involved in this technic is simple, the obtaining of 
permanent lengthening of vessels by continuous sti etching Our obsei- 
vations have seemed to piove this point satisfactonh 

In this regard, one case of om senes is of particular interest In 
a patient 9 years of age m whom the left testis was found to he at the 
internal img, it was brought down by dissection and subsequent ti ac- 
tion to just outside the external ang Eight months latei he was 
reoperated on On this occasion it was possible to bang the testis 
down to the midscrotal legion, and twelve days aftei operation, when the 
ti action was removed, the testis was in its normal sciotal position and 
has so remained after twelve months 

^^'’e feel that this simple two-stage opeiation is definiteh indicated 
in those cases in which complete reposition cannot otheiwise lie obtained 
without cutting the spermatic vessels 

In our senes of tuent 3 '-five cases heie lepoited coveang a tivo- 
}ear peaod, six weie found to he bilateral, thnteen left-sided and six 
nght-sided The youngest peison operated on was 3 veais of age, the 
oldest 19 

Ot the cases here lepoited we have been able to secme lecent data 
on seventeen Among these the testis is in the noimal scrotal position 
m ten instances, and in the upper pait of the scrotum in seven , m none 
was It at a highei lev'^el In thnteen the testes are repoited as lieing ot 
normal size, two slightlv largei than noimal one slightly smallei than 
normal and one definitelv atiophic 

As this piocednre has been used for only two and one-half vears 
one cannot of course, gwe end-iesults That will take time Our post- 
opeiative results have thus far been -^atisfactoiv and we lecommem 
this procediue as '^afe simple and appaienth phvsiolo"ic 
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COXOCMT/^L DLIOKMITIES 

Congenital 'loihcolU^ — UTuig the sartonus muscleb ot the dog 
Middleton ^ repeated and confirmed Brook’s experiments on the eftects 
of ligation of arter\ and of vein, together and separate!} m respect to 
the production of ischemic necrosis The results of these experiments 
led Middleton to belieee that congenital torticollis was due to an ischemic 
contracture resulting from obstruction f during prolonged childbirth) to 
the lenous return from the sternal head of the sternoclcidoma'^toul 
muscle His paper contained a colored photomicrograph ot a section 
irom a tumor of the sternocleidomastoid muscle in a child 4)4 months 
ot age which is almost identical with a section from the sartonus muscle 
in a dog eight weeks after ligation of the ACin onh 

[Ed XoTi:~The causation oi congenital torticollis has ne\cr been 
-atisfactorih explained Middleton s studies throw new' light on the 

*This Reixirt of Progress is ba'cd on a renew of 266 articles sjected irorn 
4S6 titles dealing with orthoiKdic surgerj appearing in the medic il literature 
between Sept 15, 1930, and Tan 1 1931 OnK those papers v inch seem to rep- 
resent progress ha\e been 'elected lo- reeiev 

1 Afiddlcton D S Bnt T Su’'g 18 IR'n (Oct > 1^30 
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subject, and point stiongly to ischemic contractme as the etiologic factoi 
\Ve hope that this woik will be confirmed by additional investigation ] 

Spina Bifida Occulta — Jelsma and Spuiling- lamented the fact that 
■relatively little had been written concerning spina bifida occulta For this 
leason the tiue incidence of the condition was not known It seemed 
fair to assume, however, that it was not uncommon, though many 
patients with this anomaly did not present S}mptoms The clinical 
observations were divided into three mam groups the local signs, the 
neurologic manifestations and other anatomic anomalies Operative 
treatment was the only method of cure, and this consisted m relieving 
pressure by the removal of a fibrolipomatous mass oi by division of a 
fibrous membrane spanning the defect 

[Ed Note — The point to be emphasized is that although spina 
bifida occulta is a common roentgenologic obseivation, it rarely gives rise 
to symptoms ] 

Congenital Pseudaithi osis of the Tibia — Camurati ® defined con- 
genital pseudarthrosis of the tibia as a localized dystrophy of the bone 
which might be associated with a similar lesion of the fibula The total 
number of cases found by him in the literature was 118 At the Rizzoh 
Institute theie weie 27 cases in thirty-two years, oi 098 per cent of 
the number showing congenital dislocation of the hip There was a slight 
predominance of males m the series (57 62 per cent) The condition 
was rarely bilateral Heredity did not play a part A familial tendency 
w^as rare Other congenital anomalies occurred in 11 03 per cent 
Camurati believed that the condition was due to some embiyonal change 
He felt that glandular secretions (hypofunction and hyperfunction) and 
toxins might also pla) a considerable part in producing the change The 
visible chaiacteiistic signs w'^ere deviation of the axis of the limb, atroph} 
of the leg, scar formation and vasomotor changes A change in the size 
of the bone and, in some instances, abnormal mobility could be felt 
The hip and knee were normal in then movements , the foot was limited 
m doisal flexion 

The roentgenologic chai actenstics varied In one type there w'as a 
curvature of the bone with atrophy of the diaphysis but thickening of 
the cortex at the site of the apex of the curvature, so that the medullai) 
canal was lessened or obstructed In the second type there w as interrup- 
tion of the continuity of the bone In the third and most serious t)^pc 
theie were marked changes in the ends of the bone at the site of the 
interruption, the ends being pointed and sometimes wndely separated 
Microscopic studies had rarely been made, and had iielded little definite 
information 

2 Jelsma, F, and Spurlmg, R G Surg Ginec Obst 51 537, 1930 

3 Camunti kf Chir d org di mo\imento 15 1 (Juh) 1930 
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The tieatment in the second and third types, diftei entiated by loent- 
genograms, was either a massive bone graft or, in the second type, an 
osteoperiosteal graft Immobilization of the bohy surfaces in strict con- 
tact was essential The piognosis was uncertain, but in one gioup (not 
the author’s) of 97 cases cuie was obtained in 30 cases, 6 of which weie 
of the most grave type Of the cases studied by the author improAement 
was obtained m 16, oi^23 8 pei cent, while in 51 cases no lmplo^ement 
V as noted 

GROWIH DISTURBANCES OF BONE 

Maihlc Bones — Piiie^ reported 5 additional cases of maible bones 
(Albeis-Schonberg’s disease) Four of these cases occurred in one 
family, the mother and thiee children The authoi found that the 
earliest roentgenologic sign of this disease was a dense band at the 
end of the diaphyses This was most commonly seen at the lowei end 
of the femur and at the uppei end of the tibia A little later a certain 
amount of clubbing was seen at the ends of the long bones The dense 
shadows extended more and more into the epiphyses and into the shaft 
of the bone In the older cases dense shadows were seen in the carpal 
bones, most frequently the scaphoid These dense shadows were dis- 
tiibuted inegulaily thiough the skeleton If the disease was widespiead 
throughout the skeleton, a certain amount of anemia occurred, owing 
to encroachment on the medullary cavity Postmortem examination of 
such bones showed that the hardness was like that of chalk rather than 
that of marble Microscopically the diaphyses showed calcified car- 
tilage with irregular myeloid spaces There were numerous small aieas 
of ossification No abnormality in the blood calcium or phosphorus 
was found No fractuies had occurred in these children The authoi 
suggested a widespread infection as the cause of the disease 

Osteochondiitis Juvenahs — Harbin and Zollingei ® discussed the vaii- 
ous disturbances of giowth centers known as osteochondritis, including 
the conditions known as Legg-Calve-Perthes’ disease, Osgood-Schlatter’s 
disease, Kohlei’s disease, etc They pointed out that osteochondritis 
involved either the primary or the secondary centers of ossification 
and the various conditions were classified accordingly The disease 
was self-limited, and usually healed spontaneously with or without 
deformity It was felt that cases of coxa plana might in later years 
give rise to mechanical or traumatic arthritis To obtain physio- 
logic lest during the acute state, immobilization was advised for as 
long as fiom four to six weeks When it was possible to dispense with 
plaster, some other foim of apparatus might be used to prevent 


4 Pine, \ PI J Roentgenol 24 147 1930 
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defoimity until the active giowth of the ossification centei was completed 
It was stated that while the cause of the condition was unknou n. direct 
oi mdiiect tiauma usually played an important part 

[Ed Note — We question whethei it is often necessary to employ 
immobilization even in the acute stage of this condition The disease 
IS frequently S5mptomless, and we do not believe that any evidence has 
been adduced to show that its couise can be modified by treatment ] 

CALCIUM METABOLISM AND METABOLIC DISTURBANCES OT BONE 

Cahiiiin Requu einenfs of the Body — In an editoiial® appearing in 
the Joiunal of the Ameiican Medical Association it was stated that 
calcium constituted about 1 5 per cent of the body — amounting to nearly 
3 pounds (13 Kg ) in the adult male Of this, over 99 per cent was 
piesent m the bones dhe bones provided a ready source of calcium 
which had a far greatei “mobility” oi freedom of liberation and transpoit 
than was generally suspected The best estimates currently available 
suggested the advisability of a daily intake of 1 Gm or more of calcium 
in 01 del to prevent loss of the indispensable element Calcium was 
unevenly distiibuted in human foods, most food contained very little 
calcium The ceieal giains, tubeis, meats, fish and fruits, all of which 
are prominent in the dietary of ommveious man, were comparatively 
pool in calcium 

Vitamin D as a “calcium-mobilizing” factoi was not a substitute for 
calcium At birth the body had a low calcium content, and its normal 
development involved a laige inciease, not only m the amount, but also 
111 the percentage that it contained, and so lequired a liberal supply 
of calcium in the food 

Milk was the best natuial souice of calcium Recent investigations 
had proved that calcium was advantageously absorbed from most foods 
other than milk and also from artificial inorganic supplements of cal- 
cium to the diet Health}'^ women who had ingested alternately milk 
and calcium lactate under otherwise comparable dietary conditions 
appeared to utilize the inorganic calcium as effectively as the calcium of 
the ran milk 

Calcium Aletabolism in the Healing of Fiactincs — Bellelli ' studied 
the calcium and phosphorus content of the blood in 14 persons with 
fiactures He concluded that a study of the calcium curve was of some 
\alue m the convalescence from fractures He found that the bloo 
talciuin diminished m 90 per cent of the cases during the first e\\ 
days to betu^een 2 and 2 5 mg per hundi ed cubic centimeters of blooc 

6 In Praise of Calcium editorial J \ N A. 95 1977 fDcc 27) 1910 

7 Bellelli F Ri forma med 46 966 1930 
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The calcium and phosphorus lose to values above the noimal on the 
eighth 01 ninth day in young patients and on the seventeenth to the 
tu entieth day in adults 

Lewis® studied 17 cases of tiacture of the shaft of the long bones 
to determine whethei the admmistiation of Mosteiol had any ettect on 
hastening union oi callus formation The amount of calcium and 
inoigamc phosphoiiis of the blood was not materially raised, an aveiage 
of 04 mg for the calcium and piactically no change for the phosphoiiis 
weie obtained He concluded that the use of viosteiol did not hasten 
union 01 callus tormation m adults 

Administi atwu of J^tfamui D and of Plio<;phoi ns — Holmes and 
Pigott ® tested the antirachitic activity of six samples each of five biands 
of viosterol 100 D in coinpaiison with samples of eigosteiol without 
D and oidinaii cod hvei oil It was tound that the healing effect of 
the various samples of viosteiol was fai from standaid, and that some 
specimens possessed much greater potency than others This fact makes 
It difficult foi the piactitionei to estimate the proper dosage They 
suggested that the use of cod liver oil, although necessitating laigei 
doses, might be more satisfactor} , foi while viosteiol has onty an 
antiiachitic factoi, cod hvei oil has this factoi and is iich m Mtamm A 
as well 

Compere studied the effect of phosphorus in 11 cases ot seveie 
rickets duimg the wintei months He found that while phosphoiiis 
given alone m doses of 1/100 giain (06 mg ) twice daily had piactically 
no effect on the iickets, its addition to cod hvei oil hastened the heal- 
ing of the iickets The use of both cod livei oil and phosphoiiis cleaied 
up the Iickets more quickly than cod liver oil alone 

Influence of Paiathyioid Gland — Speed and Ridei piodiiced 
fiactuie in four dogs on which a thyroparathyroidectomy had been 
perfoimed pieviously Tetany was controlled by giving calcium lactate 
and thyioid extract The low blood calcium and the imperfect and 
iiiegular healing of the fractures suggested to the authors that the cal- 
cium was directed away from the bones after parathyroidectoni} 

Jafie and Bodansky^- produced changes m the long bones of grow- 
ing puppies similar to those found in osteitis fibiosa cystica by injecting 
paiathyroid extract (parathyroid extract-Colhp) over long periods of 

8 Lewis, K :M Ann Surg 92 415, 1930 

9 Holmes, A D , and Pigott, M G New England J Med 20» 220, 1930 

10 Compere E L Effect of Phosphorus m Rickets, A.m J Dis Child 40 
941 (Nov) 1930 

11 Speed, K , and Rider, D L Experimental Healing of Bone After Para- 
tln roidectomv, A.rch Surg 21 679 (Oct) 1930 

12 Jaffe, H L and Bodanskj, A J Exper Aled 52 669 1930 
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time They believed that the changes pioduced weie similai to those 
found in some patients with hyperparathyroidism, i e , a negatn e 
mineral balance and decalcification of the skeleton 

NFOPLASjSIS 

Cysts tn the Long Bodies of the Hands and Feet — Platt lepoited 
a senes of 20 cases of cysts of the long bones of the hand and the foot 
The bones involved, in ordei of frequency, were the proximal phalanges 
the metacarpals and, rarely, the metatarsals The c)^sts oiiginated in 
the metaphysis The digit most commonly aftected was the fifth fingei 
The majority of the giowths remained latent until discovered roent- 
genologically after local injury Incomplete spontaneous fiacture 
occuried m half the patients Microscopic examination showed 
chondroma m 8 cases and osteitis fibrosa m 5 cases The author stiessed 
the rarity of other types of bone tumors m the hands and feet, although 
m his paper he recoided an example of a giant cell tumor affecting the 
first metacarpal The differential diagnosis between chondroma and 
osteitis fibrosa could not be made on clinical or i oentgenographic 
evidence, although it frequently was possible at opeiation, the myxo- 
chondioma exhibited a cavity filled with white, glistening, friable, granu- 
lating tissue and soft cancellous bone, and without any definite lining, 
the osteitis fibrosa cyst revealed a cavity that was empty or incompletely 
filled with fibrous tissue and that had a tough fibrous lining winch peeled 
easily 

Although spontaneous obliteration of an osteitis fibrosa cyst vas 
known to occur frequently, Platt advocated operative intervention in 
all cases, owing to the difficulty of distinguishing between osteitis fibiosa 
and chondroma and the well known tendency of the latter tumor toward 
local malignancy In a young patient in whom roentgenograms shov 
the cyst to have a thick-walled cortical boundary it might be worth while 
to postpone operation pending roentgen evidence of expansion of the 
cyst 

The routine treatment at operation was to eradicate the contents 
by curettage, to cauterize the walls with pure phenol and to help 
obliterate the cavity by the insertion of an autogenous bone graft The 
author reported no failures after this type of operation , in ever\ case 
the cyst had disappeared and had been replaced by bone 

Aiticxdai Fibj o-Endoihehoma — Wagner reported 2 cases ot a 
definitely encapsulated tumor arising from wntliin a joint, one in a knee 
and the other in the anterior part of the ankle loint These were diag 
nosed as fibro-endothehoma 


13 Platt H Bnt J Surg 18 30, 1930 

14 Wagner, L C Ann Surg 92 421, 1930 
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The diagnosis of this condition was difficult There was swelling 
in only one part of the joint, and there was no particular tenderness or 
increase of synovial fluid The range of motion was little affected, 
because the tumor was not in the articular or periarticular structures 
Careful study of the roentgenograms with special attention to the 
structure of soft tissues was helpful The treatment was surgical, and 
although a complete enucleation might be secured, the tumors were prone 
to recui Roentgen treatment or Coley’s toxin should be tried, but so far 
no cures had been reported The tumors were removed as they recurred 
Amputation of the affected extremity was usually necessary to effect 
a cuie 

TUBERCULOSIS 

Complement-F'ivatwn Tests foi Diagnosis — Wadsworth, Mattoner 
and Stevens performed complement-fixation tests for tuberculosis in 
1,002 patients Of 628 patients with pulmonary infection (supposedly 
tuberculosis) 546, or 86 9 per cent, reacted positively with at least one 
tubercle antigen Of patients in whom acid-fast bacilli were recovered 
from the sputum 344, or 92 2 per cent, reacted positively The serums 
in 40 cases of extrapulmonary tuberculosis were examined, 21, or 52 5 
per cent, reacted positivel}’’ Of 314 patients with no clinical evidence 
of tuberculosis 44, or 14 per cent, gave a positive reaction The author 
felt that the test was already of diagnostic value and that the reaction 
was proportional to the activity of the tuberculous process The com- 
plement-fixation test in extrapulmonary tuberculosis gave too variable 
1 esults to be of value 

Pi otectwe Vaccination — Calmette first vaccinated infants against 
tuberculosis in 1921 From that time until November, 1928, 116,180 
infants had been so treated in France alone He considered it a safe 
procedure The duration of immunity was not accurately known, but 
the vaccination could be repeated without harm In France the death 
rate for tuberculosis was 3 4 per cent for vaccinated, and 15 9 per 
cent for nonvaccinated infants 

Diagnostic Impoitance of Paiaveitehial Abscess — The diagnostic 
importance of the para\ertebral abscess of Pott’s disease was discussed 
by Rigler, Ude and Hanson The differential diagnosis was also 
emphasized, the other important conditions to consider being osteo- 
myelitis and mediastinal tumors Various authors quoted b} Rigler 
reported the presence of abscess m Pott’s disease in from 20 to 66 per 

15 Wadsworth, A B , Mattoner, E J, and Stevens, B S Am Rev 
Tuberc 22 539, 1930 

16 Calmette, A M J &. Rec 132 119, 1930 

17 Rigler, L G , Ude, W H , and Hanson, At B Radiologj 15 471, 1930 
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cent of the cases Often the abscess was the eaihest roentgen sign 
and might appeal before theie was evidence of destruction of bone 
This was true in 2 cases leported by the authois 

Nonopciahve Versus Opoative Treahnent — Rolher^® repoited the 
results of his method of treatment, which was a combination of helio- 
therapy, orthopedics and rational diet The orthopedic treatment included 
iigorous maintenance of the horizontal decubitus, although it did not 
involve complete immobilization of the affected point The use of exten- 
sion allowed of a cautious and giadual sepaiation of the surface of the 
joint and avoided painful compiessive ulceration While maintaining 
relative immobility, it allowed small spontaneous movements of the 
joint which helped the deep cii dilation and hastened the healing of 
the foci m the bone and the regeneration of the cartilages The fact 
that restoration of the cartilages occurred was, according to Rolhei, 
cleaily shown by the reappearance of the joint space in the roentgeno- 
grams, and It was this that explained the frequency rvith which moi’^e- 
ment and function weie recovered 


Rollier reported the following end-results 



Hip 

Knee 

Foot 

Cure mamtamed with function, per cent 

74 0 

664 

92 6 

Cure maintained with normal function, per cent 

33 6 

419 

67 0 

Cure maintained with partial function, per cent 

664 

581 

25 0 

Ankylosis, per cent 

26 0 

33 6 

72 


Lo Grasso,^® m discussing the nonopeiative treatment of tubeicu- 
lous joints of the lower extremity, stated that a patient with a tuberculous 
joint should be treated for the systemic infection and that the disease 
of the joint should be treated as a complication and not as the primal j’’ 
infection He felt that opeiative proceduies were likely to disseminate 
the disease if undertaken duimg the acute state Surgical measures, 
if necessary, should be undertaken only after a pieliminary course of 
conservative treatment in order to raise the resistance of the patient 
as much as possible In his experience conservative treatment usually 
resulted in healing ivith useful motion of the joint and without recur- 
rence of the disease 

Hibbs reported on the operative fusion of tuberculous joints of 
the lower extiemity Fusion was obtained in all the joints operated 
on except in 11 cases of tuberculosis of the hip joint (8 per cent of 
150 cases) There were 154 cases of tuberculosis of the hip joint, 18 
cases of tuberculosis of the ankle joint and 4 cases of tuberculosis of 

IS Rolher, A J Bone & Joint Surg 12 733, 1930 

19 Lo Grasso, H J Bone & Joint Surg 12 755, 1930 

20 Hibbs, R A J Bone & Joint Surg 12 749, 1930 
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the tarsal joints in which the opeiation was performed during this 
period of study Theie had been no lecmrence of the disease in any 
of the fused joints The actnities of the patients had not been limited 
by the opeiation Because of the compensatory motion m the lumbai 
spine the patients whose hips had been fused were free from almost 
any handicap The author felt that a great advantage of the fusion 
operation was that it freed the patients from the danger of extension 
of the disease from the focus m the joint as well as from long, uncertain 
treatment in hospitals or clinics 

[Ed Note — The divergence between the nonoperative attitude, as 
exemplified by Rolher and Lo Grasso, and the point of view favoring 
surgical intervention, as represented by Hibbs, seems as wide as ever 
Rolher’s article is of importance in that for almost the first time he 
reports remote results, the sole criterion that should be employed in 
judging the lesults of treatment These results are impressive, and no 
one employing similar methods in this country has been able to duplicate 
'them On the other hand, Hibbs reports remarkably good results from 
fusion operations, and these results can be duplicated by good surgeons 
anywhere Taking into consideration economic, social, climatic and 
geographic factors m the United States, operative treatment seems to 
offer more in bringing about a cure than nonoperative treatment We 
agree with Lo Grasso, however, that the patient must also be treated 
systemically foi the primary infection and to arrest further extension 
of the disease, and that preferably such treatment should precede rather 
than follow operation ] 

POLIOMYELITIS 

Immune Seuim Reactions — Aycock and Kramer tested the blood 
serums of 12 mothers and their infants for neutralizing substances 
against tlie virus of poliomyelitis Ten of the mothers with their new- 
born infants neutralized the virus, as shown by intracerebral injection 
into monkeys In 2 cases the virus was not neutralized The authors 
felt that these observations pointed to a passive transmission of immunity 
from mother to infant 

In a recent editorial -- in the low nal of the Ainet icon Medical Asso- 
ciation the pohomyeliticidal action of normal human serum was discussed 
The serum of persons wdio had recovered from poliomyelitis usually, 
though not invariably, had the pow’-er of killing, neutralizing or inacti- 
vating poliomyelitis viius in iitro It w^as generally assumed, though 

21 A 3 cock, W L , and Kramer, S D J Exper Med 52 457, 1930 

22 Poliom 3 eliticidal Action of Xormal Human Serum, editorial J A kl A 
95 1269 (Oct 25) 1930 
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without expel imental proof, that this neutralizing power was a meas- 
ure of the probable therapeutic value of such serums Relatively few 
control tests had been made with normal human serums, the general 
assumption being that while the serums might occasionally neutralize 
poliomyelitis virus in vitro, they were usually inert or of such low 
viricidal power as to be of little or no therapeutic interest Shaughnessey, 
Harmon and Bordon concluded from their investigation that serums 
from family contacts and normal children over 2 years of age possessed 
greater power to neutralize poliomyelitis virus than serums from per- 
sons who had recovered from an attack of the disease Of even greater 
theoretical interest were the few tests made with serums from normal 
children under 2 years of age Of the five serums from persons who 
had recovered from poliomyelitis thus far tested by the Chicago investi- 
gators none had neutralized virus in a dilution as high as 1 10 On 
the othei hand, nearly 90 per cent neutralizations were obtained in 1 10 
dilutions with the serums of normal children over 2 years of age This 
observation suggested that in the normal infantile population immuni- 
zation against poliomyelitis proceeded in much the same way as that 
against diphtheria 

PYOGENIC INPECTIONS 

Repaiative Pioccss in Chiomc Osteomyehtis — study of the heal- 
ing process in chronic osteomyelitis was made by Kreuscher and 
Hueper In a series of 16 patients in whom the “saucerization opera- 
tion” had been performed, tissue for study was obtained at varying 
intervals from the ulcerated region, including the epithelized border 
zone and superficial parts of the bone In all cases evidence of a more 
or less advanced healing process was observed In a few instances 
biopsies were performed repeatedly at intervals of from four to six 
weeks, beginning thirty days after the operation The writers found 
that the bony defect was filled in by the production of three different 
zones of tissue formed in succession, namely, granulation tissue, strong 
fibrous and hyalmized connective tissue and loose connective tissue 
with lamellae of osteoid and osseous tissue The presence of infection 
interfered to a greater or lesser extent with the proper formation and 
arrangement of these structures and therefore greatly retarded regen- 
eration of bone In the sections examined, no evidence of an attempt 
at formation of cortical bone was apparent A loose, sometimes 
edematous connective tissue was present between the bony lamellae 
In a single case there "was an attempt at formation of cortical bone In 
this instance complete epithehzation of the defect had existed for six 


23 Kreuscher P H , and Hueper, W C J Bone &- Joint Surg 12 541, 1930 
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months The formation of cortex exidently occurred at a late period 
in bony legeneration The same condition was found in regard to the 
formation of periosteum Elastic tissue was only scantily present m the 
tissue covering the new-formed bone The observations seemed to 
indicate that a prognostication of the postoperative healing process of 
chronic osteomyelitis from biopsy sections was possible, and that valuable 
information in regard to therapeutic management of the individual case 
might be obtained in this way 

ARTHRITIS 

Classification, Causation and Tieatment — The unusual inteiest that 
has recently been aroused in the study of chronic polyarticular arthritis 
IS shown by the publication of symposia dealing with all phases of 
the subject, as well as by a number of articles of merit scattered through- 
out the medical literature 

Osgood divided arthritis into two types according to the nomen- 
clature of the American Committee for the Control of Rheumatism 
atrophic and hypertrophic The committee agreed that at the present 
time no single infectious agent, completely defined dietary deficiency or 
metabolc disturbance had been conclusively shown to be the sole cause 
of arthritis The committee inclined to the belief that any one of these 
factors or certain combinations of them under appropriate circumstances 
might basically underlie the onset of the disease 

Swaim gave a resume of seventeen yeais’ experience in the treat- 
ment for arthritis He found it helpful to divide the disease into 
infectious, atrophic and hypertrophic types In the infectious type the 
removal of foci of infection and careful treatment with vaccines were 
efficacious after the general condition of the patient had been suffi- 
ciently improved In the hypei trophic type the correction of the faulty 
body mechanics and the use of endocrine products as indicated offered 
most in treatment He found a distinct hereditary tendency in the 
atrophic type Here, no matter what the precipitating cause had been, 
the depleted physical condition, lack of resistance and metabolic insta- 
bility were the factors that permitted the precipitating cause to become 
active Early recognition and treatment of these underlying conditions 
would probably have prevented arthritis in a number of the patients 

Cecil stated that the atrophic type of arthritis was, in the acute 
onset, secondary to a bacteremia A preceding trauma to the joint or 

24 Osgood, R B Orthopedic Aspects of Chronic Rheumatism or Arthritrs 
I A A 95 992 (Oct 4) 1930 
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a possible liypersensitiveness of the tissues was necessar)^ for aithritis 
to develop He was unable to deteiiiiine the role played by allergy In 
the h} pertrophic type no definite evidence of infection had been found 
The most probable causes weie endarteiitis of the small blood vessels 
and trauma in persons who were overweight and who showed senile 
changes in the tissues Heredity seemed to play a definite role in hypei- 
tropluc arthritis A review of the bacteriologic investigation in aithritis 
was given 

Fletcher found that a liberal use of vitamins and a moderate 
restiiction of carbohydrates were valuable measures in the treatment 
for arthritis, particularly when loentgenograms showed functional 
abnormalities in the enteric tract After the feeding of vitamin B in 
laige amounts, he noticed improvement in tone in the large bowel and 
a leappearance of the haustral markings Large quantities of carbo- 
hydrate seem to favor the development of deficiency diseases 

Crone,*® reiterating his belief that all cases of arthritis were due 
primal ily to bacterial infection, discussed his method of treatment with 
■\accme This consisted in giving the smallest possible dose that stimu- 
lated the tissue cells He believed that a local reaction should be avoided 
if possible, and that a general reaction should never be produced The 
criterion of an elective dosage was a deciease in the swelling, pain and 
stiffness of the joints Stock vaccines, including a number of varieties of 
nonhemoljdic streptococci and Mici ococcus defoiimns, were used as a 
rule, and had been found to be as effective in most cases as autogenous 
1 accines 

Ely observed that the same pathologic lesions in the joint might 
be produced b}^ many different conditions Atrophic, or type 1, arthri- 
tis he believed to be due entirely to bacteria In many patients with 
this vaiiety of arthritis the lesions of the joints healed when the supply 
of bacteria was shut off by the removal of foci of infection , in others, 
the bacteria were capable of maintaining an indepedent existence in 
the joints The cause of hypertrophic, or type 3, arthritis remained 
unknown The disease might oiiginate from the presence of living 
organisms, presumabl)'’ protozoan, in the bone near the joint These 
organisms were normally considered hairaless when found in the 
intestinal tract Tfiey might gain entrance at the root of a dead tooth 
In such cases extraction of dead teeth and administration of parasiticides 
vere indicated ^n most cases of arthritis the ruthless removal of 
so-called foci of infection was unnecessary, unscientific and often 
harmful 

27 Fletcher, A A J Lab &. Clm iled 15 1140, 1930 
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Alleigic Ai tl'utis —Fveihmg and Dorst®® found what they called 
the allergic type of joint in more than 30 per cent of 100 cases of 
aithritis The clinical picture was that of a fusifoim swelling with 
slight or no periarticular infiltration There was moderate limitation 
of motion, the capsule of the joint was distended with fluid and “boggy” 
to palpation Pam was usually slight The patients sought treatment 
because of the stiffness or swelling The fluid in the joint was clear 
and stiaw-colored, and contained a few cells, chiefly lymphocytes or 
large mononuclears Cultures obtained from the fluid were negative 
The physical properties of the fluid suggested a transudate rathei than 
an exudate Cultures were of oiganisms obtained from the nose, 
sinuses, tin oat and enteric tract Hypersensitiveness to these organisms 
was then tested by cutaneous reactions A vaccine was made of the 
organisms giving positive cutaneous reactions This vaccine was given 
111 very small doses, the initial dose usually being 0 5 minim (0 03 Gm ) 

Dietetics — Snyder and Traeger"^ concluded from their clinical 
observations that proper dietary instruction was an important pait of 
the therapy in arthiitis The patients were first placed on a basic diet, 
and this was regulated later in regard to the general condition, weight, 
clinical composition of the blood and clinical progress of the patient 
This basic diet had the following characteristics a low caloric value, 
a low carbohydrate value, an adequate vitamin content, elasticity and 
availability 

Results of Sympathetic Ganqhonectomy — Hench, Henderson, Rown- 
tree and Adson®- concluded from their observations of sympathetic 
ganglionectomy and trunk resection in 30 cases of chronic arthritis that 
these procedures had a limited application As suitable for operation 
they selected patients with atrophic arthritis in whom the disease was 
chiefly periarticular, with little bony alteration except atrophy Improve- 
ment after operation could be expected only in those cases in which 
definite peripheral vasculai changes resulted when the sympathetic con- 
trol was temporarily removed This was tested by giving a large dose 
of typhoid vaccine No patient was operated on who was over 45 
jeais of age In all the patients the disease was progressively getting 
worse but was mainly confined to the extremities All of the patients 
were given general treatment for from six to twelve months before 
operation was considered The effects of the operation were a marked 
vasodilatation, with an increased flow of blood in the capillanes, an 
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increased surface temperature m the extremities, the abolition of leflex 
sweating, loss of the pilomotor reflex, a positive Horner’s syndrome and 
slight atrophy of the muscles of the shoulders The relief from pain 
varied from complete lelief to no change The authors were unable to 
offer a satisfactory explanation for the relief from pain, and they felt 
that at the present time no definite statement could be made with regard 
to the value of these operative procedures m arthritis 

Gonouheal AjthttHs — Kmsella^^ expressed the belief that allergy 
played a role in gonorrheal arthritis The arthritis never appeared with 
acute urethritis, but usually followed an intercurrent infection or intoxi- 
cation later This suggested the development of a state of hypei sensi- 
tiveness befoie symptoms appeared in the joints The author recognized 
two types of gonorrheal arthiitis (1) a simple effusion into the joint, 
cured by aspiration and splinting, and (2) an extra-articular induration 
For the second type incision and draifiage of the most congested and 
tender areas were advised, followed by early motion in the joint 
Sptml Types of Aithntis — In 80 unselected persons over 40 years 
of age, Cottrell lound ostearthntis of the spine by roentgenography 
in 44 per cent The average age of the patients was 55 6 years, and the 
dorsolumbar region was the part most frequently involved Thirty- 
one per cent showed evidence of pressure on the spinal nerve roots 
In 17 cases (21 per cent) there 'were no arthritic symptoms Eight 
patients (10 per cent) had the ladicular syndrome, and of these, 5 
had been operated on for supposed abdominal conditions without relief 
At a medicolegal conference, Putti discussed the types of arthritis 
of the spine, classifying the two common types as spondylitis deformans 
and ankjdosmg spondylarthritis and calling attention to a third form 
of vertebral aithntis that involved the posterior ai ticulations The last 
type was shown infrequently and with difficulty by roentgenography 
He believed that m cases of arthritis, trauma that seemed trivial might 
cause symptoms to develop in joints that had been “silent” previously, 
and that these symptoms might persist for long periods and disable the 
patients Such arthritides were the cause of many disabilities in laboieis 
On the other hand, congenital anomalies rarely were important factors 
in causing persistent disabilities 

Sedwientahon Tests — Dawson, Sia and Boots®® performed 500 
sedimentation tests on 220 patients suffering from arthritis They found 

33 Kinsella, R A J Lab S. Clin Med 15 1062, 1930 

34 Cottrell, J C Surg G 3 nec Obst 51 731, 1930 

35 Putti, V Riforma med 46 999, 1930 

36 Dawson, H , Sia, R H P , and Boots, R H J Lab & Clm Med 
15.1065, 1930 
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that the sedimentation rate was moderately or markedly increased in 
practically all cases of active atrophic arthritis There was a fairly 
close relationship between the rate of sedimentation and the severity and 
extent of the arthritis An increased sedimentation rate was commonly 
observed with exacerbations of the disease and a decreased rate with 
remissions The sedimentation reaction tended to return to normal in 
cases that became arrested In hypertrophic arthiitis a slight increased 
sedimentation rate was usually found Cases of myositis, fibrositis 
and neuritis showed the least variation from the normal (usually a very 
slight increase) in the sedimentation reaction 

Rheumatoid Nodules — Dawson and Boots studied the subcuta- 
neous nodules found in rheumatoid (chronic infectious) arthritis Bac- 
teriologic investigations of these nodules gave entirely negative results 
With the exception of those peculiar to rheumatic fever, similar nodules 
were not observed in any other disease There was a striking resem- 
blance between the subcutaneous nodules occurring in rheumatic fever 
and those observed in rheumatoid arthritis This resemblance suggested 
the possibility that these two clinical entities might be different mani- 
festations of the same fundamental pathologic process 

[Ed Note — ^We are unable to draw any definite conclusions from 
these articles in respect to the causation of chronic arthritis Evidently 
a number of factors play_a part, even though microorganisms seem 
responsible for most of the actual changes in the joints From the stand- 
point of treatment as much or more may be accomplished by efforts 
to render the soil less favorable than by attention directed only to the 
eradication of the seed We regard it as distinctly encouraging and 
offering hope for the future that arthritis has come to occupy so 
prominent a position as a subject for study that such an excellent 
variety and quality of articles as those mentioned, dealing with various 
phases of the problem, should appear within a short period ] 

V\SCULAR DISTURBANCES OT THE EXTREMITIES 

Smithwick and White®® treated 11 patients with vascular disease 
of the lower extremity by injections of alcohol into the sensory nerves 
This method permitted the painless dressing of gangrenous areas , infec- 
tion could be more easily controlled and exercises could be done more 
easily to improve the circulation It was felt that amputations were 
avoided by this means m 6 of the 11 cases As a result of these alcoholic 
injections, sensation in the area supplied by the nen^e was usually lost 
for from three to six months 


37 Dawson, M H, and Boots, R H Subcutaneous ICoduIes in Rheumatoid 
(Chrome Infections) Arthritis, JAMA 95 1894 (Dec 20) 1930 

38 Smithwick, R H, and White, J C Surg G^nec Obst 51 394, 1930 
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Morton and Scott used spinal anesthesia, as employed in vaiious 
operative pioceduies, to determine sympathetic vasoconstrictor activity 
in the lowei extremities In persons Avithout vascular disease there was 
a fairly constant temperature for each part, showing a slightly vaiymg 
but piogressive rise in temperature (measured with a thermocouple) 
from knees to toes After the injection of a spinal anesthetic the entire 
surface of the skin of the lower part of the leg attained approximately 
the same temperature In vascular disabilities of a vasospastic nature the 
cutaneous surface of the lowei part of the leg reached approximately the 
same temperature as in normal persons When theie was disease of the 
vessels or mechanical obstruction, no rise or only a slight rise was noticed 
after spinal anesthesia 

P osttranmatic Painful Osteopoi osis — Leiiche and Fontaine^® dis- 
cussed the subject of painful posttraumatic osteoporosis Following a 
peripheral traumatism, apparently not severe, theie occuired stiffness, 
pain on use, atrophy and edema Little importance was attached to these 
symptoms if the roentgenogram made after the accident showed the 
bones intact Physical therapy was usually employed, often with aggra- 
vation of the situation The symptoms became more severe, and after 
two 01 three months roentgenograms showed rai efaction of the epiphyses 
with the appeal ance of small cavities suggestive of tuberculosis A 
plaster cast was applied , pain continued, and the cast was changed with- 
out improvement After about six months the pain subsided, but the 
joint remained stiff Finally, in ten or twelve months “healing” was 
complete, often with partial, but sometimes with total ankylosis 

This was the clinical picture of traumatic osteopoi osis, but surprising 
transformations might result from sympathectomy After sympa- 
thectomy (more often periaiteriai) one saw the raiefied bone reform 
both as to textuie and outline and m a few weeks regain a normal 
roentgenologic appearance Limitation of motion, pain and weakness 
disappeared In a few hours the patient was better, and in a few daj'S 
had the impression that he was cured These facts were inexplicable 
One might consider it as a law that active hyperemia created a rarefac- 
tion of bone, and that there was no rarefaction without hyperemia It 
was paradoxical that sympathectomy which also produced hyperemia 
should have a beneficial therapeutic effect on this condition The authors 
only presented the facts , the explanation was to^ be found later It was 
probable that in conditions of hyperemia there Avere a variety of physi- 
ologic states that had not been completely differentiated On the other 
hand, traumatic osteoporosis was not of purely vasomotor origin The 


39 Morton, J J, and Scott, W J M J Clin Investigation 9 23 d, 1930 

40 Lenche, R , and Fontaine, R Presse med 38 617, 1930 
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authors had treated 16 patients for this condition wifli^rrarteiiai sym- 
pathectomy The pain had disappeared the same or the next day, and 
the patients had been able to effect movements wluch previously were 
impossible The relief had been permanent 

[Ed Note— This observation is important for thiee reasons; (1) 
The afoiementionad paradox was noted, (2) an effective method of 
treatment seems to have been found, (3) a suitable name for a fairly 
frequent condition has been supplied If rarefaction of bone results 
only from hyperemia, we should like to know how the authors explain 

atrophy of the bone following immobilization of an extremity ] 

( 

DISEASES or THE NERVOUS SYSTEM 

Sympathectomy m Spashc Paialysis — In 1927, Royle on his visit 
to England performed ramisection on 6 patients selected by himself 
as likely to be benefited These patients weie seen prior to opeiation and 
were observed afterward by Symonds,'*’^ a neurologist, and by a group 
of SIX orthopedic surgeons whose conclusions in 1930 were 1 The 
operation of cervical or lumbar ramisection is without effect on the 
rigidity due to extrapyramidal disease 2 The rigidity of pyramidal 
disease, as seen in conditions of hemiplegia and quadnplegia in children, 
might be temporarily diminished after the operation This temporary 
diminution of tone had been observed in both upper and lower limbs 
with some improvement of voluntaiy power The diminution of tone 
and the improvement in function were, however, short-lived, within 
a few ueeks or months, notwithstanding continuous measures of reedu- 
cation under experienced medical supervision, the condition of the 
patients remained as before the operation In the opinion of several 
surgeons who examined these patients both before and shortly after the 
operation, the diminution of tone was no more than might be seen aftei 
any major surgical procedure with postoperative shock 

On the other hand, Wade as a result of reviewing 38 cases con- 
cluded that the opeiation of ramisection with tenotomy and reeducation 
should be the procedure of choice in cases of spastic paralysis 

At the meeting of the British Medical Association at Winnipeg 
111 1930, Roldc “ reaffirmed his faith in his operation for the treatment 
for spastic paralysis, claiming that 70 per cent of his patients so treated 
had been benefited 

At the same meeting, Fulton ■'* in discussing the mechanism of 
postural responses pointed out that the stretch reflex, nhich is at the 

41 S^mond';, C P Lancet 2 127 (Julj 19) 1930 

42 Wade, P B T Coll Surgeons, Australasia 2 406 (March) 1930 

43 Rorlc, X D Lancet 2 639 (Sept 20) 1930 

44 Fulton, T F Lancet 2 645 (Sept 20) 1930 
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basis of postuie, was abolished by division of eithei the posteiioi oi 
the anterior roots but not by sympathectomy, although the transient 
diminution in iigidity occurring m spastic paralyses after ramisection 
suggested that the operation might cause an increase in the threshold 
for eliciting the stretch leflex Fulton thought that apart from certain 
visceial conditions, such as Hirschsprung’s disease, the only clearcut 
indication for sjunjaathectomy was ischemia, and that any pathologic 
process m which healing would be greatly accelerated by an increased 
supply of blood, offered an indication for ramisection 


(To be conhnued) 
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PNEUMATIC RUPTURE OF THE INTESTINAL CANAL 

WITH EXPERIMENTAL DATA SHOWING THE MECHANISM OF 
PERFORATION AND THE PRESSURE REQUIRED ^ 

CON AAIORE V BURT, MD 

BROOKLL N 


Pneumatic rupture of the intestinal canal is one of the most 
uncommon conditions, and is due to the introduction of air under 
pressure into the oral cawty or the rectum 

Fort}' cases of pneumatic rupture of the alimentary canal, including 
one case of rupture of the esophagus, have been reported previously 
The one reported and the three referred to in this paper increase the 
total to forty-four cases 

Twenty-six } ears ago (1904), G W Stone ^ of London reported the 
first case of pneumatic rupture of the intestine The other cases 
recorded are Andiews,- one, uith a review of fifteen others , Bendixen 
and Blything,^ one, with a collection of seven others , Fauquez ^ and 
Jean = of France, two each, and one each by Block and Weissman,® 
Buchbinder,^ Cotton,® Duval ® of France, Hailes of Australia, Hays,^^ 


* Submitted for publication, Aug 16 1930 

*From the First Surgical Senice, Methodist Episcopal Hospital 
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HouzeP- of Fiance, Moiiis,^'^ Schwaitz “ and Spaikman^" Petiin^® 
of Germany presented one case of ruptuie of the esophagus 

THE PRESSURE REQUIRED TO RUPTURE THE VARIOUS PARTS 
OF THE INTESTINAL TRACT 

An extensive seaich of the original hteiature reveals that very little 
woik has been done on this subject, and that few details have been 
presented by the investigators who have published their results No 
detailed or systematic study of the pressure lequired to rupture the 
various portions of the alimentary tract has been recorded No attempt 
has been made to demonstrate the mechanism of rupture, and there is 
presented no comparison of the relative strength of the vaiious sections 

E Quenu of France was the fiist investigator to publish the 
results of an experiment along these lines In 1882, in the Revue dc 
Chiuagie, he described the technic for this procedure He dissected 
the anus free and ligated its lower portion Then by the use of a 
pressure pump he introduced air into the uppei poition of the rectum, 
and found that the intestines would bear a pressure of from 50 to 
60 cm of mercury without rupturing At a pressure of 70 cm of 
mercury the peritoneum ruptured in several places, this was followed 
immediately by the rupture of the other coats He stated that it is not 
reasonable to suppose that the same pressure is required to ruptuie the 
intestine within the body 

In 1911, E Wyllys Andiews- of Chicago published the only other 
data that I have found relative to this subject Using a pressure gage 
and a tank of compressed air, he did some experiments on the pressure 
required to rupture human, dog and ox intestines outside the body 
He found this to be from 6 to 10 pounds (2 7 to 4 5 Kg ) Andrews 
further tested fresh specimens of the stomach, bladder and intestines 
from meat shops and from experiments on the dog, and never found 
one capable of bearing more than 12^ pounds (5 6 Kg ), most of them 
ruptunng with a pressure of between 7 and 8 pounds (3 2 and 3 6 Kg ) 
He stated that Senn found that a bowel diseased with enteritis ruptured 
at 1 ^2 pounds (0 7 Kg ) of pressure 

12 Houzel, G Rupture of Intestnie by Compressed Air, Arch med -chir de 
Province 16 513, 1926 

13 Moms, R B Pneumatic Rupture of Intestine with Roentgen Ray 
Studies Following Recovery Case Report, Am J Roentgenol 18 560, 1927 

14 Schwartz, H Pneumatic Rupture of the Intestine, J A M A 78 1802 
(June 10) 1922 

15 Sparkman, J R Unusual Case of Intestinal Rupture, J South Carolina 
M A 18 324, 1922 

16 Petnn, G Em fall %on traumatischer Oesophagusruptur, nebst bemerk- 
ungen uber die Entstehung der Oesophagusruptiiren, Beitr z klm Chir 61 265, 

17 Quenu, E Des ruptures spontanees du rectum, Re\ de chir, 1882, p 173 
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In 1921, P Duval of France stated that he believed the dominant 
factor in the perforation of the intestine to be the rapidity of introduc- 
tion of the air rather than the degiee of piessure used He cited one 
case with enormous abdominal dilatation which was shown by roentgen 
ray to be due to gaseous distention of the large intestine This patient 
was said to present a picture typical of a total megacolon, and under 
this diagnosis went to the operating room, where a laparotomy showed 
neither a lesion nor a malformation of the colon On further question- 
ing of the patient after the operation, Duval learned that the patient 
had inflated his colon by forcing air through the anus with a bicycle 
pump The pressure was not sufficient^ elevated to cause a rupture 
of the intestine, probably because the mtioduction of the pressure ^\as 
undei the contiol of the patient 

In Mew of the maiked incompleteness of information relative to the 
piessure lequired to rupture the intestines, I became interested in this 
problem, and pei formed numerous experiments on the human intestine 
m the autopsy loom Poitions of tne lectum, sigmoid, trans^erse 
colon cecum, ileum, jejunum, stomach and esophagus have been selected 
When possible the mesenteiy was remored with the specimens 

EQUIPMENT EMPLOYED 

The equipment (fig 1) employed for the measurement of the pres- 
sure Mas a manometei mFicIi I devised It consists of a millimeter 
scale beside a “U” glass tube, 4 mm m internal diameter, containing 
meicLii}, supported by a Mmoden upright stand, and a tank of 
compressed an The piessure of the air m the tank may be at any 
height so long as it is v^ell abo\e that at which lupture of the specimens 
occuis The approximate maximum piessure in the tanks used for this 
expel imentation ivas 65 pounds (29 5 Kg) jjer square inch The 
lelease appaiatus Avas made so as to permit either a rapid or a slow 
exit of the confined an To the manometer and to the tank was attached, 
by means of pressure rubbei tubing a cun^ed glass tube (Paul’s) so 
constiucted that there was an elevated iidge near the end of the tube, 
M'hich pre\ented the specimen tiom slipping ofl: when it -was securelv 
fastened and pressuie applied A Aahe of an automobile tire Avas 
placed in the tube leading from the tank to the specimen for the pur- 
pose of maintaining the pressure in the specimen at anv particular point, 
so that obsci\ations could be made 

\PPLIC\TIOX \XD RECORDING OF PRESSURE 

The specimens from 5 to 6 inches ('12 5 to 15 cm ) m length Mere 
attached h\ means of 2 inch (5cm) gauze bandage tied secure!} around 
the ends of the segments of tlie intestine mIiicIi had been slipped* o\er the 
free ends of the glass tubes as shoMii m figure 1 Mhere a portion of 
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trans\eise colon was attached to the equipment Inflation was begun 
hy releasing compressed air at the rate of about 2 cm (0 38 pounds) 
of mercury per second The reading of the manometer was recorded 
when the first rupture occuned and again when perforation of the 
mucosa took place, or when a simultaneous rupture of all of the layers 
occurred On the manometei the reading from the starting point of the 
column of mercury to the point of rupture was multiplied by two in 



Fig 1 — Equipment used m measuring the pressure required to rupture the 
intestines The mercuio manometer and tank of compressed air are connected 
D\ rubber tubes i\ith attached Paul’s tubes, and a section of transierse colon, 
partialh inflated The hand points to the lei el of the mercuri m the manometer 
The black line in the tube leading from the tank is where the tire lahe is located 

order to obtain the pressure in centimeters of mercuri at iihich the 
perforations took place For convenience and uniformiti^ of expression 
of results b\ obseri ers it ii as necessan to com ert the manometer read- 
ings into pounds per square inch At 20 C (aierage room tempera- 
ture) 1 cm of mercuri is equiialent to 01915 pound per square inch 
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When the pressure in centimeters of mercur}^ at which the ruptures took 
place was multiplied by 0 1915, the pressure in pounds per square inch 
was obtained These are recorded in table 1 for each specimen tested 

DATA AND THEIR COLLECT. ION 

Data are presented in table 1 from obseivations on eighty-seven 
specimens following autopsies on seven females and eleven males, rang- 
ing in age from Sj/o months to 82 years, with an average age of 42 1 
years This senes includes one male child of months, one female 
child of 8 months and a male child of 1 1 years The cause of death in 
each instance, the age of the patient and the particular specimens used 
are recorded It will be observed that the points of lupture are not 
presented for many of the specimens, which is due to the fact that they 
were either unsuitable for testing or were discarded when the rupture 
did not occur entiiely free from the point of attachment to the pressure 
equipment, thus eliminating the possibility of tearing as a result of the 
application of the ligature 

GENERAL OBSERVATIONS 

It may be generalized from table 1 that the average piessure required 
to rupture the outer two coats of the various portions of the intestinal 
canal was 3 49 pounds per square inch and that required to perforate 
the wall was 4 07 pounds per square inch In children below 12 years 
of age a someu hat higher pressure was required than in the specimens 
from older persons The rectum supported the greatest average pres- 
sure, and the sigmoid, ileum, esophagus, jejunum, transverse colon, 
cecum and stomach are in order in point of decreasing pressure required 
to rupture these specimens No section was found to support a greater 
pressure than 11 59 pounds pei square inch, which was borne by a 
segment of sigmoid from a child of 11 years The greatest pressure 
supported by a specimen from an adult was 8 36 pounds per square 
inch, borne by a section of ileum 

ANATOMY 

Before considering the mechanism of rupture a brief review of the 
anatomy of the various portions of the alimentary canal is presented 
The entire tract consists of four layers, from within outward, the 
mucosa, the submucosa, the musculans, which is composed of an inner 
cncular and an outer longitudinal la>er of smooth muscle, and the 
seiosa except m the case of the esophagus in which the serosa is 
replaced b> a fibrous la^ er which attaches the esophagus to the surround- 
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mg structures The large intestine differs fiom the small intestine in 
that the outei longitudinal layer of the musculaiis of the colon is chiefly 
collected into three longitudinal bands of smooth muscle, which extend 
thioughout the length of the colon These are shortei than the inner 
layers, and the intestine is shortened to accommodate them, lesulting m 
the foimation of the sacculations or haustra 


Taile 1 — Obsci z'atioiis on Sections fiont the Rectum, Sigmoid, 





Rectum 

A 

Sigmoid 



Transaerse Colon 

A 

Cause of Death 

Sex 

Age 

Serosa 

Mucosa 

t 

Serosa 

N 

Mucosa 

Serosa 

Mucosa 

Tomc encephalitis 

Upper respiratory mfec 

M 

5% mo 

10 26 AM 

12 35 AM 

10 G4 LBL 

11 78 AM 

6 08 LBT 

6S4M 

tion, bilateral antritus 
Sinus thrombosis, post 

F 

S mo 



5 32 LBL 

11 02 AM 

4 94 LBL 

G 37 AM 

operative pneumonia 

M 

11 yr 



10 07 LBL 

n 59 AM 



Lobar pneumonia 
Appendectomy and sus 

F 

21 yr 

4 5G LBL 

4 94 AM 

5 LBL 

6 08 AM 

2 60 LBL 

3 42 AM 

pension of uterus, sud 
den death 12 hours 
ofter operation 

F 

30 5 r 



2 29 LBL 

5 60 AM 

1 52 LBL 

4 09M 

Subacute bacterial endo 
carditis 

Subacute bacterial endo 

M 

30 jr 



3 42 LBL 

3 61 M 

1 14 LBL 

2 28 M 

carditis (edema of in 
testines) 

M 

37 yr 



2 60 LBT 

3 04 AM 



Chronic nephritis 

M 

42 3 r 



3 SO LBT 

4 56 M 

1 90 LBL 

2 85 AM 

Pyonephntis nith uremia 

M 

42 yr 



2 CG LBL 

2 66 M 

1 90 LBL 

3 04 AM 

Gangrene of hand I 5 mph 





2 28 LBL 

3 23 AM 



angitis and Ijmphadcn 
itis 

M 

43 yr 



2 60 I BL 

2 66 AM 

1 71 LBL 

2 19 AM 

Intestinal infiueusa 
Cirrhosis of h^er, low 

F 

45 yr 

1 90 LBL 

2 09 AM 

2 GO LBT 

2 85 AM 

1 52 LBT 

1 71 AM 

grade peritonitis 

F 

SO yr 



2 CO LBT 

3 04 AM 



Chronic injocnrditis with 
marl ed decompensation 
Chronic myocarditis with 

F 

GO yr 



2 28 LBL 

3 42 AM 

0 76 LBL 

1 52 AM 

2 28 AM 

slight dteompensation 

F 

GO yr 



2 57 LBL 

3 42 AM 

1 90 LBL 

Arteriosclerosis with cere 



3 04 LBL 

3 42 AM 



1 52 LBL 

2 09 AxM 

bral thrombosis 

M 

02 yr 



4 75 LBI 

4 91 AM 

1 52 LBL 

2 06 AM 

Bronchopneumonia 
Arteriosclerosis, diabetes. 

M 

G4 3r 



1 14 LBL 

2 95 AM 

1 71 LBL 

1 81 AM 

2 85 AM 

chronic mj ocarditi'. 
Carcinoma of sigmoid. 

M 

78 yr 

3 80 LBL 

3 SOM 

2 28 LBL 

3 42 M 

2 28 LBL 


resection, local pcriton 
itis 

M 

82 yr 








Arerngo pressure required to rupture the 
various spccinu.ns m pounds per square 

inch 4 71 5 31 3 S6 4 99 2 20 3 OG 

A\crngc pressure required to rupture the outer lajers of the intestinal cam! is 3 49 pounds per square inch 
Average pressure required to perforate the t anous sections of the intestinal canal is 4 07 pounds per square men 


* a he figures gi\e the pressure in pounds per square inch at which the ruptures tool, place in the ccro^a 
tudinal bands (LB), transversely (T) or longitudinally(L), and nhither or not it took place on the 
anterior or posterior surface (AS or PS) of the stomach In a few of the columns the seeonu ime 


MECHANISM OP RLPTURE 

Lai gc Intestine — Gross Appearance In the colon the ruptures took 
place in almost all of the specimens along one or more of the longitudinal 
bands at one or moie points on the antimesenteric surface The occur- 
lence of the first lupture was generalh in a longitudinal direction, 
though in many instances it was trans\ ei seh across the muscular bands, 
and it in\ohed the serosa and the muscularis The lupturc then 
extended along one or more of the longitudinal bands, and as the 
pressure Mas increased in the lumen of the segment, the serosa and 
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muscularis stripped back rapidly until a large part of the mucosa in the 
majority of cases ivas herniated through the opening in the outer two 
coats (fig 2) In many instances almost all of the serosa and muscu- 
laris stiipped back markedly, and the mucosa was extensively ballooned 
out on the antimesenteiic surface As the pressure was further 
increased, the herniated mucous layer perforated suddenly with a sharp, 

Ttausvetse Colon, Cecum, Ileum, Jejunum, Stomach and Esophagus'’ 


Cecum Ileum Jejunum Stomach Fsophagus 

« * . , , , ’• V / 


Serosa 

Mucosa 

1 

Serosa 



Mucosa 

f 

Scro'a 

Mucosa 

— 

Serosa 

Mucosa 

Tibrosa 

Mucosa 

3 23 LBT 
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7 01M 
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11 02 L 
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7 60M 
S36M 

4 75M 

4 IS M 

4 75 M 

4 IS M 

1 90 LAS 

2 09 LO 

190 LAS 
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1 14 LBL 

1 14 LBL 
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4 36 M 

3 04 M 

4 30 M 

3 04 M 

3 SOM 

3 so M 



3 SOL 
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3 42 M 
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3 04 AM 







1 53 

2 61 

4 “"S 

4 94 

4 63 

4 0, 

1 82 

2 13 

4 76 

4 91 


and mu=eulnri>! and in the muco=a The abbret ntions indicate whether the rupture occurred along the longi- 
teric (M) or the antimcsenteric (AM) surface, or on the lesser or greater curvature (LC or GO) or on the 
of figures gucs the pressure at nhich the specimens ruptured in situ 

popping sound similar to that of the bursting of a toj balloon, leaving 
an extensive laceiation of the outer two coats and a small, ragged 
mucosal perforation, or the remaining tissue gradually thinned out into 
a fine mesh and became so thin that the air escaped through it slowl} 

No specimen showed more than one perforation in the mucosa 

Occasional!} a rupture occurred on the mesenteric surface after 
the outer two coats had stripped back and left a large part of the 
mucosa herniated In the mesenteric ruptures the air dissected up the 
serosa for a considerable distance along the intestinal wall and around its 
circumference and finalh caused rupture at one or more fine points 
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either in the mesentei}^ piopei oi moie commonl}^ along the sides of the 
colon 

In no instance did the peiforation occui on the mesenteiic surface 
until theie had been an antimesenteric rupture of the outer two coats, 
with herniation of the mucosa In many instances the muscularis 
luptured m sever al places throughout the specimen befoie either the 
mucosa or the serosa luptured, as may be seen by the irregular distri- 
bution of these small masses of muscle between the intact inner and 
outer layers of the intestinal wall 

Micioscopic Appearance In order to demonstrate as nearly as 
possible the mechanism of luptuie of the alimentary tract in the majority 
of cases, I have selected four micioscopic sections piepaied fiom a 
specimen of ascending colon ruptmed at 10 53 pounds per square inch 
from a man of 60 It will be noted that as the pressure was applied 
in the specimen there was first a ruptuie of the seiosa with slight 



Fig 2 — A section of colon, showing a perforation (A) in the mucosa (B), 
which IS herniated through a laceration in the serosa and muscularis (C) The 
laceration extends principallv along the longitudinal band (D) 

separation of the underljnng external muscular lajer (fig 3) The outer 
musculai lat er w as then completel} lacerated, and there was a slight tear 
m the inner musculai is with a general separation of all of the lajers 
(fig 4) ^Vlth further increase m pressuie, the serosa stripped bach 
the muscular layers separated and frayed out, the submucosa was 
lacerated and onlj the mucosa remained intact There w^as a tendency 
to curling or rounding of the lacerated ends of the tw'O muscular lajers 
with the outer of these two curling oier the torn ends of the inner 
circulai fibers indicating the tension under which the rupture took 
place and the tendenc} toward letraction of these ruptured lajers 
There was a noticeable appearance of general laceration and separation 
of all of the lajers (fig 5) A section of the edge of the perforation 
showed that the serosa had disappeared the muscular la\ers had both 
retracted and the mucosa and submucosa presented a marked wrinkling 




Fig 3 — Photomicrograph of the ascending colon, showing rupture of the serosa with slight 
underhung laceration of the outer longitudinal muscular lajer Otherwise the section presents normal 
relations 



Fig 4 —Photomicrograph ot the ascending colon Note the absence of tlie serosa, the complete 
transNcrse scpantion of the outer longitudiml mu«cular h\er and an incomplete laceration oi the 
inner circular mu'-culan-' 
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following the rebound after the enoimous distention and perforation 
(fig 6) 

In the ineshhke lacerations and perfoi ations of the colon, the nuiscu- 
lai layeis weie inaikedly torn and sepaiated, and the fibeis were 
aggiegated irregularly in small bits ovei the stretched mucosa On per- 
foration, the mucosa lost its continuity and retracted considerably, while 
the submucosal and subserosal connective tissue foimed the laigei 
portion of the mesh 



Fig 5 — Photomicrograph of the ascending colon, presenting an absent serosa, 
a completelj severed and fra}ed out musculans a lacerated submucosa and an 
intact mucosa Note the tendencv to curling of the torn ends of the musculans, 
and the appearance of general laceration and separation of all of the lavers 

As the mucosa was the last of the la}ers to rupture, in view of its 
greater elasticity, it would seem that it should retract more than the 
others, wdnch was show n in all of the specimens after complete 
perforation, particular!} demonstrated in figure 6 

In the specimens showing grossly a mesenteric rupture, the mesen- 
teric and subserosal tissues showed numerous small air pockets with 
a dissection of the serosa from its underh mg structures 
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Smull Intcsime —Gross Appearance In slightly more than half 
of the specimens of the small intestine the ruptures took place about 
the middle of the antimesentenc surface Generally all of the layers 
ruptured simultaneously with much the same popping sound as m the 
perforation of the mucosa of the colon leaving a small, ragged perfo- 
ration of from 0 5 to 2 cm in diameter, im olvmg all of the layers 
to about the same extent The serosa and musculans separated and 



Fig 6 —Photomicrograph of the ascending colon, showing the edge of the 
perforation The mucosa and submucosa are markedU wrinkled following retrac- 
tion after the enormous distention The musculans has separated and retracted 
considcrabh and the serosa is absent 


stripped back \eu little compared with the colon In only two instances 
were lacerations noted m the outer two coats extending throughout most 
of the length of the specimens m contrast to the usual lacerations 
throughout the entire length of the sections of the colon Transierseh 
the edges were separated relatneh shglith and thus allowed onh a small 
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degree of herniation of the mucosa piior to the perforation (fig 7) In 
the lemainder of the specimens there occurred mesenteric perforations 
(usually from 1 to 3 cm in diameter) m the mucosa, without any 
previous antimesenteiic lacerations of the outer two coats Through 
the perforation in the inner coat, the an escaped into the subserosal 
spaces and dissected up the serosa both longitudinally and circum- 
ferentially for a considerable distance, involving about one half of the 
circumference of the specimen, and finally ruptured through at one or 
more very minute points in the serosa It was impossible to locate 
the points of rupture without immersing the specimens m water 
IMicroscopic Appearance The small intestine (reports on sections 
are not included in this paper because of then similarit}’- to the sections 
of the colon) showed essentially the same mechanism of rupture as was 
demonstrated m the large intestine There was, however, a tendency 
towaid less general laceration and separation of the tissues, and for all 
of the la^els of the small intestine to rupture simultaneously, as illus- 



Fig 7 — A section of ileum, presenting a perforation (A) in the mucosa (B), 
which IS lierniated slightly through a smali laceration in the serosa and muscu- 
laris (C) The mesentery (D) is shown attached 

trated m figure 8 This section was taken from a gioss specimen 
selected primarily to demonstrate the intact mucosa with a laceration of 
the serosa and muscularis In addition to the typical laceration of the 
serosa and muscular layeis, it exhibited a perforation of the mucosa 
just bejond the rupture of the outer two coats, thus confirming the 
tendency for all of the la}ers to rupture simultaneously 

Esophagus — Gross Appearance In this organ there was first a 
separation of the musciilai layers y\ith a relatively slight herniation of 
the mucosa and a lupture of the mucosa thioughout almost its entire 
length with a simultaneous meshlike rupture of the outer oi fibrous 
coat usually m such a yyay as to release the pressure rather sloyyh 
Fiequenth, hoyyeyer, theie yyas a complete perforation of all of the 

layers yyith the usual popping sound 

^Microscopic Appearance The thick muscular layers yyere sepa 
rated and markedly retracted yyhile the submucosa and peneso- 
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V few specimens adiaeent to the oms umo\ed foi tMtrn.il ohs i- 
t Uions were tested in sUn md the usults indie Ue that theie is little 
01 no chricicncc he tween the pies<;uic leepnied to luptiire the intestine 
in situ and tlut reeiuiied to peitoiale it when lemoetd fiom the Iwh 
Ccitainl) no dilleienev wenild he expected in the poilions in which the 



Fig; 8 — Photomicrogr,i])Ii of the itcuin, taken pnmante to sliow the laceration 
and separation of the serosa and iniisciilaris with intact nnicosa It presents a 
complete laceration of tlic serosa and the imiscnl.iris down to the partnllj torn 
siibmucosa Just to the right of the tear in the outer two Iwcrs is .i perforation 
01 the mucosa 

mesentery is long, and m wdiich mflation wonkl be the same instcle and 
outside of the abdomen Theic might be anticipated some difteiencc 
m the cases in which the mcscnleiy is short or absent, as in many 
cases of the ascending and descending colon and also in the diiodcmim 
but no appreciable difference has been observed experimentally (table 1 ) 
In presenting these results, I am fully awaie that the pressme used 
and the rapidity of its application m these experiments did not simulate 
exactly the conditions under wdnch the patients mentioned in the hteia- 
ture were injured It w^as necessarji' to apply the pressure relatively 
slowly m order to observe the sequence of e\ents in the niptine of the 
specimens It was thus possible to obtain acemate mfoimation as to the 
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mechanism of rupture I am also further aivaie that the data presented 
m table 1 are not sufficiently numerous to permit of conclusive obser- 
vations, but they gne a fair idea as to the pressuie at which the various 
portions of the alimentary tract ruptuie and the manner m which the 
ruptures take place 

The rapidity of the introduction of the piessuie is piobably more 
important than the actual pressure itself, for it is a common experience 
that, loughly, the same amount of piessure applied slowly to an object 
without destiuction will, when applied quickly, demolish that object 
Foi example, when one throws a fragile pasteboaid box with considei- 
able force, it goes foiwaid rapidly, but if it is struck suddenly Avith the 
same force a hole is toin m it 


Iable 2 — Compm ison Betiveen the Piessuie at JIhich Pci foi ation Took Place 
IVhcu the All Was Inti oduced into the Intestinal Specimens 
Slowly and Then Mote Rapidly 
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While it IS difficult to record the point of rupture of the intestine 
when the pressure is applied lapidly, I have endeavored to obtain some 
data on which a companson may be made of the intioduction of com- 
pressed air into a hollow viscus, both slowly and rapidly The first 
specimen was tested m the legular manner and the lesult recorded 
SeAeial succeeding specimens adjacent to the first were tested vith the 
pressure applied approximately twice as rapidh" as in the first instance 
The results as outlined in table 2, vhile meager and entirely too few 
from which to draw definite conclusions, are enlightening It will be 
noted from table 2 that slightly less pressuie is required to rupture the 
corresponding specimens when the pressure is introduced roughly twice 
as rapidh as in the first case It is likeh that there would be a still 
greater difterence in the pressures required to rupture the intestine 
when the air is introduced at a rclatneh much gi eater rate as has been 
almost alwa^s the case in the reports in the literature 
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The question has Ixen laised as to ulicthei the lUtssnu lequiicd to 
luptvuc the intestine within the intact aiidonKn would lie the s inie as 
that neccssan to uiptuic it outside the bode In answ tiling this it is 
iiecessaie hist to eonsidei the iclatixe intia-<ihdoninia! aiul cxtcin.d piis- 
suie The mtia-ahdoinmal piessme as staled h\ ]Ia\tn laiuison''’ 
ui the Aichnt c o1 hiitina! Medicine in 1911 and leleiud to h\ Ihiiton- 
Opit/’^' in his tcMbonk ot ph\sio1oe:\ lelains a ^ahle \en dost m 
zero clunng quiet respiiatioiis Init ot conise, the acluc partieijntion ru 
the abdominal muscles m expiration qices a much hiqhei e.iltte In 
Mcw of this thcic would seem to he %ci\ little if an\ dillcience hetwiiii 
the prcssuic lequiicd to luptuie the intestines inside or outside of the 
abdomen Hence the aceiaqt i>ussu,c ol 4 07 pounds per sqnaie inch 
(table 1) the a\erae;e found expermienlalK to peitorate \aiious por- 
tions of the ahmcntar% tract outsulc the bode rcpiescnts approximateh 
the pressure icquiicd to rupture the intestines within the intact .ibclomen 

ruecTirei vi>1'ih\tiox 

The piactical .qiplication of these dat.i bcs m the einjihasis which 
the\ tend to produce on the neccssiu of care m the instrumentation in 
the held of proctologv, the intiarectal manipulation in remoeal of 
impacted feces in the adinmistiation of the \aiious kinds of enemas 
and in the handling of the intestines during surgical procedures as it 
IS a fair!} ficquent experience of the surgeon to find the intestine 
lacerated or nqit tired when handled bt unskilled persons 

With the permission of Dr Charles II Goodrich, the tollowmg case 
of pneumatic rupture of the intestine is leported from the first surgical 
serMce of the Alethodist Episcopal Hospital 

C\sn 1 — //ulorv— J L, i white man agccl 49 smjilc, a shiftles>; laborer and ,a 
heaej drinker for jears was admitted to the Methodist Episcopal Hospital at > 00 
a m with a sharp, sc\cre, epigastric pain of twchc hours’ duration His famih 
history was irreleiant For man> a cars there had been a hcrmal protrusion m the 
niidhne of the epigastrium and one in the left inguinal region A pnmar\ sjphi- 
htic lesion had been present twcnt>-two jears before admission Gonorrlica had 
been contracted scaeral times One eye had been injured and rcinoaed ten jears 
before admission The past history w’as otherwise unimportant 

The present illness began wath a sudden, sharp, seacrc pain m the epigastrium 
twehe hours prior to admission, while the patient was working He continued 
to work for one hour, at which time the pam became so severe that be went 
home to bed Shortb afterward he vomited a small amount of greenish fluid 
tallowing this, a dull aching sensation appeared throughout the abdomen with a 
persistent, severe epigastric pam The bowels moved several times prior to the 

18 Emerson, H Intra- Abdominal Pressures, Arch Int Med 7 754 fTunel 

1911 ^ 

19 Burton-Opitz, R Text Book of Physlolog^, Philadelphia, W B Saunders 
Company, 1920 
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oaset of pain and a short time thereafter He vomited several times during t!ie 
twelve hours prior to admission Anorexia was pronounced after the onset of 
pain 

About the time the epigastric pain began, the patient noticed that the protrusion 
m the upper part of the abdomen had increased in size, had become quite tense 
and was very tender The left inguinal region had also become prominent This 
was the history elicited befoie the operation The next day, twelve hours after 
operation, the following additional history was obtained \¥hile at work, the 
patient, desiring an enema, inserted a tube into his rectum By mistake he turned 
on compressed air, and immediately experienced the pam described The abdomen 
became large and breathing difficult 

E\ animation — On admission phj'sical examination revealed a very muscular 
man, conscious, lying uneasily in bed, with marked pallor, pinched facies and 
anxious expression, slight cyanosis of the lips and finger-nails, cold and clammy 
skin and an alcoholic odor to the breath He was evidently suffering from great 
pam Respirations tvere grunting, at a rate of 26, and ivere chiefly costal There 
were no abnormal pulmonary observations The heart was slightly enlarged to 
percussion, and there was a blowing systolic murmur at the third left interspace 
The sounds were of poor quality, somewhat irregular and at a rate of 90 The 
temperature by mouth w'as 100 F The abdomen w'as greatly distended, moved 
only slightly wuth respiration and w'as extremely tense, and the umbilicus was 
almost obliterated There w'as marked tympany throughout There was no evi- 
dence of intra-abdommal fluid or of subcutaneous emphysema About midwav 
between the ensiform process and the umbilicus was a rounded, slightly bluish, 
nonreducible, tender protrusion the size of a lemon The left inguinal ring was 
ccnsiderabiy enlarged, and through it protruded a nontender reducible mass of 
intestines Rectal examination revealed considerable tenderness throughout 
There was some fecal matter but no blood in the rectum There were extensive 
scars over the shaft of the left tibia, a large one in tbe inguinal region and a 
small one on the glans penis Otherwnse the physical examination was negative 
On admission, the leukocyte count was 11,600, 84 per cent polj morphonuclears and 
16 per cent small mononuclears 


Opaation — On the basis of the preoperatne history and the elicited clinical 
s'gns, a diagnosis of strangulated epigastric hernia wms made, for which an opera- 
tion W’as begun thirteen hours and fifu minutes after the injure The anesthesia 
was induced w’lth nitrous oxide and oxegen and continued with ether The opera- 
tion consumed one hour 


A transeerse incision was made in the epigastrium oeer the hernnl mass 
When the peritoneum was incised, a considerable quantite of gas w’lth a fecal 
odor escaped with a whistling sound The respiratorc embarrassment and the 
cianosis were immediately diminished The abdomen became much less distended 
and the epigastric mass much smaller Onh a small portion of the greater 
omentum was found to be contained in the hernial sac The neck of the sac, 
which was about 1 5 cm in diameter, was enlarged and the omentum was released 
It was found not to be strangulated '\t once it was apparent that the patients 
simptoms and signs were not due to a strangulated epigastric hernia The original 
incision was enlarged to about 17 cm in length and a longitudinal incision 12 
cm in length was made from the center of the first, forming a “T 

The abdomen was explored The serosa of the colon and small inlcstinc= 
was greath injected and there was a small quantit\ of blood-stained fluid con- 
taining fecal particles m the pels is ^o free blood was found The left inguinal 
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canal was enlarged, but did not contain am mnentnm or intc'-tincs I he Mgmoid 
flexure and the lower iwjiUnn of the descending colon were brought into the 
"icision and were tonnd to be collapsed I’egiinnng in the upper portion ol tiic 
rectum and extending thioiigh the sigmoid flexure ind the descending colon tliere 
was marked, iresli difTiise, siiliseros.d heniorrli ige, most extensne m tin mesen- 
tcr\ and in the mesenteric surface of the colon ind reefnm though extending well 
around onto the antimeseiiterie snrt ice 1 he appendices epiploie le were also 
niarkcdh hcmorrliagic There were iiumerons smill scirs tliroiiglioiit the sm- 
I loid jSear the jinietioii oi the siginoul flexure with the descemlmg colon on 
the antimeseiiterie surf lee there were two loiigitndin il 1 icerations m the serosa 
and musciilaris me isiirmg 2 md 5 cm iii length md about 1 and 1 5 cm in 
width Ihc larger ol the<c was sutured with contimions plain eilgiit 

The cxtciisnc liemorrh ige and the laceritioii ot the wall suggesteil the jire- 
Mous introduction of conijiresscd air into the rectum In \iew ot the presence 
of Real pirticles and much gas m the ih(lomin il eniti we telf eerl nn tint i 
pcrioration ol the intestine had occurred, though none could he tonnd alter steeral 
n, mutes of searching \ rubber drainage tiihe w is imerted m the lower angle 
ot the incision and a cigaret <lram w is pi iced m the ttelvis through a si di wound 
m the midlnpogastrinm The abdomen v is closed in luers witli silk-worm cut 
reinforcement 

Cown — At the close oi the operition the general eoiulition ot the piticnt 
lias poor Vbdommal distention and \omiting of dark brown fluid grndnalle 
increased from the second daj Xo peristaltic waxes x' ere audible ami no passage 
ot fecal matter occurred ihrougii i rcetil tube Bronchopnciiinoiii i developed on 
t!.c sexciuh d IX From the third dix, there was iccal disclnrgc Irom the incision 
and increasing dehiscence of the wound xxilh some exeiitration of the underlxing 
xasccra The rectal icmiicraturc ranged between 102 md 103 F , the pulse rate 
was 100, and the respirators r.itc varied from 25 to 30 Gastric lavage was per- 
tormed several times m the first lew eiavs and the depletion of fluid was cared 
for bv hvpoderinoclv Sis Snfiicicnt morphia was given lor relief irom pain 
Lsuallv two doses of one- fourth gram (0016 Gm ) m tweiitv-four hours \ftcr 
operation the blood cells, blood chemistrv and iirmc showed no appreciable clcvia- 
t’on from the normal The Wassermann reaction ol the blood was negative 
fhe blood pressure was 103 svstolic and 68 diastolic Tlic patient's nieiitalitv 
remained clear, except for occasional flightv intervals, until sliorth bclore death 
at 3 40 a m on the eighth postoperative dav 

Autopsy — An aiitopsv was performed, and the pathologist reported All of 
the viscera of the abdomen were markedlj matted together, and to the diaphragm 
and the lining of the abdominal cavitj bv a diffuse fibnnopurulent exudate and 
there was a large quantity of thick, jcllovv pus m tiie pelvis and otiier recesses 
of the abdomen Underneath the hvpogaslnc stab wound was a ragged, gaping 
opening 2 inches long m the convexitv of the sigmoid near its junction with the 
descending colon, which communicated with the abdominal cavitv and contained 
a mass of hardened feces Tins opening was just adjacent to a short line ot 
suture in the sigmoid The rectum, sigmoid and descending colon showed numer- 
ous white, scarred areas scattered over their surfaces, and these portions of the 
colon, including the appendices epiploicae together with the mesenterv were 
markedly hemorrhagic There was a left inguinal henna, the sac of which 
measured 6 by 4 cm The lungs were congested and nodular, suggestive of 
bronchopneumonia The heart showed nothing abnormal The liver, spleen and 
pancreas were much enlarged The prostate contained small cavities, indicative 
of an old prostatic abscess 
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Microscopically, sections of the lower lobes of both lungt showed areas in 
which the alveoli were filled with desquamated epithelium, pus cells and blood, 
the tubules of the kidneys showed some granular degeneration, and the liver 
pi-esented granular degeneration and some fatty infiltration Otherwise, the organs 
showed nothing of interest 

Diagnosis — The diagnosis was traumatic rupture of the sigmoid, general peri- 
tonitis, bronchopneumonia, chronic prostatitis and probably old syphilis 

This case is unique in that the pneumatic rupture of the intestine was 
associated with an epigastric and an inguinal hernia The patient is the 
oldest (49 years) on record as having received this injury, the pres- 
sure of 2 pounds IS the lowest so far leported as ha\ing caused this 
condition, and the patient is the first to give a history of this peculiar 
type of self-inflicted injury, not purely accidental The patient men- 
tioned by Duval, in 1921, was the first leported as having recen^ed an 
entirely intentional injurj'^ 

Dr Loyal A Shoudy,-® chief surgeon for the Bethlehem Steel Com- 
pany, permitted me to present the following data on three cases of 
pneumatic rupture of the intestines which occuired in their plants 

1 A S , in the Elizabeth, N J , plant, was using an air hose to dust off his 
clothing, when J K , offering to help him, jokingly stuck the hose in the region 
of his fellow worker’s rectum A S fell in a faint and was rushed to the hospital, 
where Dr McCallion operated and found many ruptures of the intestines The 
patient recovered (July 28, 1927) 

2 An accident occurred in the Bethlehem plant in 1916 A workman, in fool- 
ing, placed an air hose near the rectum of a fellow worker (S V ) The patient 
died the same day 

3 St Lukes Hospital, Bethlehem, Pa, has a record (1927) of a worker who 
placed an air hose near the rectum of a fellow worker The patient W'as operated 
on by Dr W P Walker and recoveied 

Dr John J Moorehead, diiectoi of the department of traumatic 
surgerj , New York Post-Graduate Medical School and Hospital, New 
York, has given me permission to lepoit the following case (which is 
not included in the statistics) 

Case 2 — History — P M , a w'hite man, aged 37, an Austrian, a repairman, 
was admitted to the hospital at 10 40 a m on March 18, 1928, complaining of 
pain in the abdomen and right shoulder of tw entj'- three hours’ duration On the 
daj’ before admission, while the patient was bending o\er washing his face and 
hands at his place of work, a fellow emplojee jokinglv placed the nozzle of a 
compressed air line, used to clean motors, against the clothing co\ ering the patient s 
anus The nozzle was held there for only a second The air line was connected 
to two pumps, though the patient did not know the amount of pressure applied 
to his rectum He felt a se\ere, sudden pain in the rectum and the lower part 
of the abdomen, became dizz\ and fell to the floor He \omited once after the 
ingestion of magnesia three hours after the accident He took nothing else bj 
mouth after the accident, though he had two bowel movements, which contained 
no blood He ^olded once in the morning prior to admission, but no blood was 
seen in the urine 

20 Shoud\, L A Personal communication to the author 
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r\amwa{wii~On .ulniission, c\amui ition sliownl tin lutiinl to I)i- m \ innd- 
cr.Uc degree of shock ink and shghth restless tlie henil and Inngs Nnri sur- 
gicalh compclciU the ahdoinen was distended, rmmd ,ind nnrkediv tender, with 
the inaxiimnn tenderness in the left lower qiiadrint, light peiciissioii w.ts piiiifnl 
lucr diilncss was ohhtcritcfl, and there were signs of free fluid in the flanks 
A blood count taken before the opci ition showed 17,000 lenkocjtcs, with SO 
per cent polMnorphomicIears 

Opcialtou — \ diagnosis of perfoiation of the intesime w.\s mule, and twents- 
fne hours after the injnrj Dr ^^oorehcad began an operation for relief from this 
condition 'Ibroiigh an incision in the right upper ipiadram, the hepitic flesiire 
of the colon was sutured to the pcritnneiiin piepiratnr\ to cst iblisbing a snbseqmnt 
colostonw, if nccessar\, but no opening w is made into the colon Fins incision 
was closed with i nibhcr tube dram in the wound 1 hroiigh an incision in the 
left lower quadruit the sigmoid was found to emit nn three pertor.itions, which 
were debrided The larger of these was sutured and the others were left open 
^n iodoform gan/e drain w is inserted in the site of the perforations 

Cororc — llie pnstoperatne temper it lire and pulse reactions were slight, and on 
the sixth da\ the howcls begin to iiio\c thiough normal chiiinels I he patient 
was discharged on the lort\ -fifth postoperatne da\ in excellent giiitial condition 
with the abdominal wounds practicalh healed 

On June 19, 19i0, two \cars after the patient was 1113111 ed, he was readmitted 
to the Post-Graduate Hospital For the first six inoiulis after liis discharge, lie 
felt onl\ fairh well He staled that during the preceding eighteen months he 
had grown somewhat weaker and had experienced general ahdonnnal discomfort, 
which w’as exaggerated Iw exercise and the ingestion of food lie said further that 
he had taken on!;) hqnid food during the prcMons %car, and that his stools had 
been loose and tarrj, and bad contained red blood since Ins discharge, bis appetite 
had been poor, and be bad fell some pain in bis back, neck and cxtrciintics 

On readmission, phjsical examination gave cssciUialh ncgitnc results lie 
appeared to be in excellent general condition The blood count showed red cells, 
4 , 310 , 000 , bemoglobm, 82 per cent, Iciikocvlcs, 7,600, and polyinorpbomiclcars, 63 
per cent 

Sigmoidoscopy and proctoscopy rcscalcd some CMdcncc of perisigmoidal adhe- 
sions or angulation of the sigmoid There was catarrhal proctitis with some 
mucus that extended well up into the sigmoid Tw'o ulccratnc areas were present 
on the posterior anal wall 

At the end of twenty-four hours a gastro-mtcstmal senes of roentgenograms 
showed a normal distribution of the meal, thougli the transverse and distal colon 
was narrow and spastic The distribution in the distal colon was too irregular 
to permit a morphologic study No evidence of obstruction was seen 

A barium colon enema showed moderate spasm at the junction of the descend- 
ing colon and sigmoid An S-shaped loop was noted at the colonic sigmoidal junc- 
tion There was no evidence of obstruction 

This patient’s subjective complaints could not be verified by the objective 
observations During his ten days in the hospital he ate a regular diet, his 
bowels were constipated, with no blood in the movements, he did not vomit’ and 
he had no definite complaints He had always been considered unstable mentally 
and emotionally and usually had borne the brunt of the jokes of Ins fellow workers 
It was felt definitely that he was suffering from a marked neurosis and “com- 
pensitis” Though he was discharged in excellent general condition after an 
extensive study, every effort to return him to Ins work proved futile 
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ETIOLOGY 

The cause of this accident is the introduction of air under piessiue 
into the oral cavity or the anus Compressed air is used in the opei- 
ation of pneumatic hammers and dulls, dusting of machmer} and 
barrels and in many other forms of commeicial art Unfortunately 
some of the workers, not realizing the devastating effect of the air, 
in a mood of joviality, diiect the end of the nozzle towaid the anus 
of a fellow worker It is these practical jokeis vho have accounted 
foi almost all of the mjunes 

Theie are only four of the forty cases lepoited that I feel faiily 
certain were not the results of practical jokes In the case heiem 
reported, the patient himself introduced the nozzle into his rectum and 
turned on compressed air instead of water The patient described by 
Jean was injured as a result of the explosion neai the anus of a tube 
conveying compressed air Petrin presented a case in which the 
esophagus was luptuied as a consequence of the worker falling while 
he earned a compressed air hose m his mouth, allowing the end of the 
hose to be released and the air to enter the oial cavity In the case 
mentioned by Duval, the patient inflated his own lectum with a bicycle 
pump 

Geneially, one or more layers of clothing weie intei posed between 
the nozzle and the anus, but this did not reduce the gieat powei ot 
penetiation and deadly effect of the air to any appreciable extent The 
nozzle Mas usually several inches from the anus, though in a few 
instances it uas tightly pressed against the anus, and was said to be 
introduced into the rectum in four cases In the fiist of these Stone 
suggested that in his patient the nozzle was introduced through the anal 
orifice, because the injunes to the bowel were such as to lead him to 
think, on account of the number and size of the rents, that the intestine 
had been nipped between the nozzle and the sacrum, though the latter 
showed no sign of injury One case presented by Andrews, another 
b} Dinal and the one herein reported aie the onh others in which the 
nozzle ivas said to be introduced into the rectum 

In 1911, Andrews presented the most concise and logical explanation 
of the gloss mechanics of this injur}'' as follow^s 

I feel sure that at 50 to 125 pounds of pressure a gas would torm a column 
sfweral inches in advance of the tube, and would act almost like a solid bod\ in 
torcing open the sphincter The jet of a fountain can be made to support a good 
size ball of some weight, so the jet of air is more than ample to force open the 
lerator and sphincter am muscles and the soft pehic floor The nates and the 
pchic floor form a funnel whose apex is the anus All confined air expanding m 
this funnel will force open the gut without ha\mg the end of the pipe adjusted 
to the anus With the aolimtan contraction of the le%ator am muscles the 
space between the buttocks would be narrowed and the funnel deepened thus 
confining the air lateralK and leading it more quickh into the bnwcl 
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The cllect of the inlioclucUon of .111 ^\ould be i,Mcalci with the 
patient in .1 stooping attitude .1 sitting postuie, and when he is taken 
b} snrpiise at wdiich time the sphinctei would be most lelaxed and the 
intia-abdonnnal piessuie at its lowest thus 1 educing the safeguaid to 
a minimum m preecnting the mtuiduetion of a foieign substanee thiough 
the aual oiifice 

Gant'^ stated that the bowel has been luptuied sevei.d times b} 
ignoiant and caieless ]ih\sicians .ittemjitmg to use jmeumatic sig- 
moidoscopes Thc\ hti\e oe ei distended the intestine with the an or 
ha\e foieibK pushed the iiistiument thiough the wall of the intestine 

MOUHI!) A\\10M1 

The pathologic eh.uiges found will deiiend on the pressuie applied, 
Its pioximit} and angle of ajgihcation the mdnidual resistance ot the 
tissues, the contents ot the bowel and numeious other minoi consider- 
ations In geneial the changes max be dixided into external and 
internal or those found ,it ojieiation 01 necropsx 

E\tcnial Chan()c <; — Two cases icpoited b\ '\ndrews m which 
autopsies x.eie peifoimed showed biuises about the anus Another 
case (Bendixcn and Blx thing) showed the tissues about the anus 
ccchymosed and the anal sjihmctei sti etched so as to admit foui fingers 
Sparkman and Schwait/ each lepoitcd a case m xxhich there was blood} 
mucus on the 1 octal tube on withdiawal Sexeral w liters haxe reported 
prominence of the inguinal canals Subcutaneous cmpln sema xvas noted 
m seven cases In geneial it was confined to the trunk One of Jean’s 
and another of Buchbindei’s also showed the external genitals involved, 
and in the lattei case the peiineum xxas aftected In Hailes’ case it 
extended fiom the exeliioxvs and lower part of the scalp down ovei 
the body to Poupart’s ligaments, distorting the face and mteiferuig 
considerably with the piopei examination of the abdomen and chest In 
Petnn’s case, the emph} sema extended ox ei the chest doxvn to the navel 
and on the arms almost to the elbows, and was found in the mediastinal 

C 

tissues 

Changes Found at Opeiation and Ncciopsy — When the peritoneum 
is entered, theie is geneially an escape of considerable gas xvith a fecal 
odor If there is no perfoiation of the intestine, the intestine is dis- 
tended and there is no escape of gas on incision of the peritoneum If 
It has been peifoiated, the intestine is generally collapsed 

Air has been found in the peritoneal cavity in several instances 
when no perforation could be located This may be explained on the 
basis of obserxations w^hich I have made on cadax^ers as a result of 

21 Gant, S G Diseases of the Rectum, Anus and Colon, Philadelphia, W B 
Saunders Companx", 1923, xol 2, p 464 
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distention of various portions of the intestines by an When the intes- 
tine ruptured on the mesenteric suiface, the air gradually elevated the 
serosa for a consideiable distance along the intestinal wall, both 
longitudinally and circumferentially, and finally broke thiough this thin 
layer of tissue at one oi more very minute points, thus allowing the 
air to escape into the general abdominal cavity and leave no macro- 
scopic evidence of its entry Invariably in these cases it was necessaiy 
to immerse the specimen in a basin of water to locate the points of 
rupture 

Moymhan -- stated that “one sign alone is chaiactenstic of the 
lesions of those portions of the bowel which are not wholly covered by 
peritoneum (parts of the duodenum and ascending and descending 
colon) — ^that is, empltysema ” The appearance of the subcutaneous 
emphysema, as noted m several cases clinically, probably can be explained 
on the basis of my observations Following the mesenteric lupture of 
the intestine, it is probable that the an dissects its way through the 
muscles and fascia without peif oration of the serosa and enteis the 
subcutaneous spaces to produce the clinical entity emphysema 

The rectum, various portions of the colon, the ileum, the meso- 
sigmoid and the mesenterj'^ of the ileum and the esophagus have been 
reported ruptured In all of these cases, except that mentioned by 
Dm'al, in which operation or autopsy was performed the distention 
resulting from the introduction of air into the intestinal canal was 
sufficient to produce lacerations of the outer coats and in many instances 
perforation of the mucosa 

The sigmoid flexure is by far the most frequently ruptured, which 
IS explained by the fact that it forms the first barrier to the inrushiiig 
air It IS attached by a rather long mesentery in contrast to the short 
or absent mesentery of the descending colon, and forms a somewhat 
semicircular trap for the entenng air, which, similar to a solid bod} , 
tends to maintain its velocity forward in a straight line The air thus 
comes in forcible contact with the sigmoidal wall where the latter tends 
to form almost a nght angle juncture with the descending colon, when 
pressure is applied within its lumen 

The perforations noted clmicall} usually have been single, though a 
feu haie been multiple, and the} have -varied in size from one that was 
scarce!} MSible to one 6 inches (15 24 cm ) in diameter, as noted by 
Bendixen and Bh thing The lacerations of the serosa and muscularis 
usuall} have been multiple and extensne, due to the fact that it is the 
outer coats that rupture first during the distention, thus allowing the 
mucosa to herniate through and erentuall} perforate at a higher pressure 

22 Mojnihan, B Abdominal Operations, Philadelphia, W B Saunders 
Compairv, 1914 noI 2, p SO 
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than IS lequncd to Icni the scios.i oi inu'^cultiiis Sc\cr.il obsencrs 
ha^e noted these lacei.itions and perfoiations to he chiefi} along the 
longitudinal hands on the antiinesenteiic sin lace of the colon 

AndrcA\s lepoilcd one ease in which the ]>atient died of geneial 
pciitomtis. in which theie was a uijHine of all of the la\eis of the colon, 
except the mucosa fioin the lectum to the appendix In one case 
Bendixen and Bl\ thing ohsei\ed extensuc laceiations of the sigmoid 
(7 inches [17 78 cm]) the descending and ascending colon, the 
mcscntei\ of the ileum and ol the ileum itself, and a 6 inch perforation 
ncai the hepatic flexure A peitoiation at the base of the cecum wxis 
reported h\ Cotton One case (Ilailes) jMcscntcd a superficial lacera- 
tion of the lowei end ol the colon, a 37 cm tear in the hepatic flexure, 
a maikedh hcmoirhagic colon a collajised right lung and blood} fluid 
in the right pleuial caMt\ retrin s case piesented a 6 inch longitudinal 
rupture of all of the coats of the esophagus with cmph}sema of the 
mediastinal tissues TIemoiihagc and ecclnmoses are to be expected 
whereier theie is damage to the intestinal wall Seieia) cases, particu- 
laih Hailes, Sehwait/ Audi cw s' and mine ha\c piesented maikcd 
difluse, subsciosal hcmoiihages, most extensuc m the mesenter} and 
niesenteiic suifacc and extending well aioiind onto the antimcsentenc 
suiface of the colon and iiuoKing the appendices epiploicae Dinal 
lepoitcd a case in which the patient had maiUedh inflated his colon 
wuth air by using a bic}cle pump No laceration of the wall of the 
intestine could be located at operation, w-hich was performed under the 
provisional diagnosis of total megacolon 

rOSTOPERATIVC COMPLICATIOXS 

These complications haie been mentioned particularly m only three 
instances, and it is interesting to note that these three patients recovered 

Andrews reported a case m which Fletcher repaired an extensive 
laceiation of the sigmoid, which later caused intestinal obstruction due 
to a narrowung, for wdiich a colostomy w^as performed wnth a subse- 
quent resection of the constricted portion A ventral incisional hernia 
was repaired 

In their case Block and Weissman reported the suturing of extensive 
lacerations and a perforation in the upper part of the rectum and low^er 
end of the sigmoid and the performance of a jejunostomy Acute 
intestinal obstruction developed as a result of the constriction of the 
injured area, for which an entero-enterostomy was performed Acute 
epididymitis de\ eloped, from which the patient recovered 

Hays’ case presented extensive lacerations of the upper part of the 
rectum and lower end of the sigmoid and a perforation of the lower end 
of the sigmoid, wdiich were repaired, and the sigmoid w^as sutured to 
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the anterior peritoneum preparator}^ to a colostomy, which was per- 
formed on the first postoperative day because of distention, which 
increased to such an extent that a cecostomy was done on the second 
day after the operation Drainage through the cecostomy became so 
free that it was evident that the patient would expire if something was 
not done to stop the rapid passage of fluid through this opening The 
Barnes dilator was employed successfully to stop the drainage of fluid, 
and the patient improved markedly and recovered Hernias developed 
in the abdominal incisions and were subsequent!}- repaired, as was also 
the incision for the cecostomy 

ROENTGENOLOGY 

A roentgenographic study was made by Morns five months after 
an operation on a patient showing an uneventful recovery and excellent 
health in the interim This patient presented extensive lacerations of the 
serosa and muscular coats of the cecum, ascending colon and the sigmoid 
flexure, and a large quantity of blood in the pelvis and among the coils 
of intestines A six hour examination showed a poor filling of the 
cecum and ascending colon The contour was iriegular and deformed 
There were evidently numerous adhesions m the \icinity of the cecum 
and ascending colon The sigmoid appeared to be normal except for a 
narrowing m the first portion No other cases except Dr Mooiehead's 
incorpoiated here, have been repoited as having been studied by the 
roentgen lay 


SYMPTOMS AND SIGNS 

The s}mptoms and signs, though dependent on the degree of injury, 
are essentially the same for all cases, and may be appropriately duided 
into those of a local and those of a general nature 

Local (Abdominal) Symptoms — ^There is usuall} a sudden onset of 
a constant, sometimes colicky, \erj severe pain in the lower part of the 
abdomen, which the patient may be unable to localize more concisely 
He complains of great difficulty in breathing The most marked feature 
of this condition is the enormous distention of the abdomen, which 
extends into the flanks, with obliteration of abdominal dulness There 
is marked hyperresonance The umbilical depression is greatlj dimin- 
ished or absent, and the inguinal canals are often prominent The 
abdomen is rigid and tender throiiglioiit, with a maximum over the 
injured mscus If the patient is seen within a Aer} few hours after 
the accident palpation of the abdomen does not produce the sensation 
of a diffuse peritonitis but this ma} be superimposed se\eral hours 
after the injuix 

Gcncial Symptoms --The patient general!} shows a marked degree 
of shock the skin is cold and clamm\ he is usualh conscious thougii 
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mail} limcb unconscious, and his facics is lynched and picscnts an 
anxious expiession A niodeintc oi inaikcd degiec of cyanosis and 
nausea and ^omltlng aie usually piesent The thighs aic flexed on the 
abdomen The lespiiations aie lapid (aveiage of 35 in the eight cases 
in uhich the late was gi\en), labored, giiinting and costal, as a result 
of piessuie on the diaphiagm The heart sounds and the pulse rate 
aie acceleiated and of pooi qualiU The late averaged 119 in the eleven 
cases in vhich the pulse was stated to range fiom 74 to 190 The 
tempeiatuie is usualh subnormal, except in cases of se\eial hours’ 
duiation, in which peiitonitis has manifested itself Two cases of 
twelve and eighteen houis’ duiation piior to operation showed tempera- 
tuies of 100 and 102 F 

Buchbmdei’s case manifested clonic spasms of the muscles of the 
trunk Subcutaneous emph}scma w^as noted m seven cases, and was 
confined chiefly to the tiunk 

DIAGNOSIS 

With 01 without a history of the introduction of compressed air 
into the rectum, one should be able to make a diagnosis of this condition 
In a case complicated b}' an associated hernia the diagnosis is made 
more diflicult If the patient show's severe shock, cyanosis or pallor, 
great respiratory embanassment, rapid and thready pulse, marked dis- 
tention, hyperresonance and extieme tenderness of the abdomen, w'lth 
obliteration of the umbilical depression and abdominal dulness, especially 
w'hen this is found unassociated w'lth a hernial mass, one should be 
able to make the correct diagnosis With the history of the introduction 
of compressed air into the rectum, the diagnosis should be evident If 
this history is unavailable and the surgeon is unwilling to make a 
definite diagnosis, he should at least label it an “acute abdominal condi- 
tion” and proceed immediately with a laparotomy, provided the 
condition of the patient permits operative intervention 

This condition, however, must be differentiated from other acute 
abdominal conditions, and among the more important of these, one 
must consider ^ general peritonitis, volvulus, intussusception, ileus with or 
without perforation, ruptured gastric, duodenal or typhoidal ulcer, 
strangulated hernia, stab w'ound, gunshot or other traumatic perfora- 
tions and ruptured lung and fractured nb with the presence of sub- 
cutaneous emphysema 

MORTALITY 

The geneial mortality in this series of forty-four cases is 56 81 per 
cent The ages in this senes, as stated in twenty-nine, ranged from 
13 5 to 49 years, averaging 23 8 years, with only six patients 35 or 
more years of age The operative mortality is 44 82 per cent (twenty- 
nine patients were operated on, with sixteen recoveries and thirteen 
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deaths) Of the operative recoveiies, the time elapsing between the 
occurrence of the injury and the institution of operative proceedings, as 
stated in eight of the fifteen cases, ranged from one houi and fifty 
minutes to five and one-half hours, and then ages were from 14 to 
45 years, with six not given, making an average of 27 6 years Relative 
to the operative deaths, ranging from 13 5 to 49 years, with an average 
of 23 7 years, with four not given, the time aftei injury that opeiation 
was begun, as stated in seven of the twelve cases, ranged fiom about 
thiee hours in Stone’s case, in which only a paracentesis abdominis was 
performed ante mortem, to four days, in one of the cases repoited by 
Bendixen and Blything, in which the patient was brought to the 
operating room in a moribund condition 

The nonoperative mortality is 80 per cent (of fifteen patients not 
operated on, twelve died) The ages of those who died after opeiation 
ranged from 16 to 27 jears, with the ages of four of the twelve not 
given, making an average of 21 3 years The three cases in which the 
patients recovered without operation were One reported b}’- Andrews 
with the age not given, in which live steam was introduced into the 
rectum, that of a boy, 16 years of age, mentioned by Bendixen and 
Blything, who recovered and returned to woik shortly aftei the accident, 
and another recorded by Fauquez, m which a boy of 15 suffered from 
distention of the colon but lecovered m a few days The symptoms and 
signs in these cases were said to be such as to warrant a clinical diagnosis 
of rupture of the bowel 

Of the seven cases in this series showing subcutaneous emphysema, 
the mortality is 57 per cent 

PROGNOSIS 

The piognosis is grave with or without operatne mteivention but 
the outlook is distmctl) better when an opeiation is performed The 
results herein recorded suggest that if a patient is operated on withm 
SIX hours after the injury his chances ot recover}^ are considerably better 
than if a greater time is allowed to elapse Age seems to exert no 
particular influence on the lesults It is of interest to obser\c that this 
condition is one of late adolescence and early adult life the average age 
of the patients being 23 8 years 

TRCATIMENT 

operative Tieatment — ^The treatment “par excellence” tor the 
abdominal condition is immediate operation proMded the general condi- 
tion of the patient mil permit An intraspmal anesthesia is probabh the 
most suitable for this condition If it is considered better judgment 
to defer the laparotomx general supportne measures should be einploeed 
to impro\e the general condition of the patient A.n immediate para- 
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centesis abdominis should be performed m cases of maiked distention 
to lelease an\ an contained m the abdominal cavity, thus lehevmg the 
piessuie on the diaphiagm A physician administering emeigency treat- 
ment should not hesitate to peifoim a paiacentesis and lelease the an 
slowl} i\fany times following this piocedure the condition of the 
patient will improve maikedly and thus facilitate a subscQuent lap- 
aiotomy with a better piognosis 

The incision of choice is a left lowci lectus oi a low median line 
The exploiation of the abdomen should include as minute scuitiny as 
possible of the entiie colon, the lower part of the ileum and the mesen- 
tei} The chaiacter of any fluid contained in the abdomen and the 
piesence oi absence of any gas wnth a fecal odor wnll suggest the se\erity 
of the injur} 

If there is onh a small amount of damage to the serosa and muscu- 
Ians or a small peifoiation, these may be lepaired very easily and 
quickl)’’ Obviously, if theie is great damage and repair is impossible, 
resection of the injuied portions and the establishment of a colostomy 
are indicated If the condition of the patient is extremely poor, it may 
save time and even the patient’s life to bring the injured intestine into 
the incision as a colostoiu} (Andrew's) More frequently, how'ever, it 
would be w'lser to complete the repaii When a resection is necessary 
and sufficient viable and movable intestine can be obtained, one should 
perfoim a lateral or end-to-end anastomosis When an anastomosis is 
impossible, a colostomy should be established One should not hesitate 
to establish an artificial anus above the injured aiea, especially w'hen the 
damage has been extensive, in ordei to relieve the piessure over the 
affected portion, which has been repaiied 

Whether to repair the injury and establish drainage higher up, per- 
form a resection and do an anastomosis, establish an artificial anus or 
bring the injuied portion into the wound as a colostomy is the responsi- 
bility of the surgeon and depends on the amount of damage to the 
intestine and the general condition of the patient 

The treatment indicated for injuries resulting from the oral intro- 
duction of air into the alimentary canal is determined by the judg- 
ment of the surgeon, depending on the degree of injury thought to be 
present and the condition of the patient In general, it is palliative 

Postopeiatwe Treatment — This is largely a matter of symptomatic 
treatment, and it is necessary to deal separately wuth each condition as it 
arises The patient preferably should be placed m the Fowlei position 
Distention, due principally to a paretic condition of the bowel, is to be 
expected, and may be relieved when feasible by the use of a rectal tube, 
milk and molasses enema, glyceiin, turpentine and other enemas Fluid 
depletion may be restored by the use of physiologic solution of sodium 
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chloride introduced by hypodermoclysis, by slow pioctoclysis when possi- 
ble and by the administration of physiologic solution of sodium 
chloride or dextrose solution intravenousl}’- 

CONCLUSIONS 

1 Compressed air is used extensively in industrial arts, and it is 
important to educate the employees concermng its deadly, penetiative 
powers, especially since almost all of these injuries aie caused by piac- 
tical jokers 

2 Clinically, the sigmoid is the viscus most frequently ruptuied 

3 Experimentally, the rectum supports the greatest pressure, and the 
sigmoid, ileum, esophagus, jejunum, transverse colon, cecum and stom- 
ach decrease in strength in the order in which they are mentioned 

4 The outei two coats of the colon geneially rupture along the 
longitudinal bands, this is followed by marked heiniation and subse- 
quent perforation of the mucosa on the antimesenteric surface In the 
remainder of cases the mucosa perforates on the mesenteric suiface of 
the intestine 

5 In the small intestine, m somewhat more than 50 per cent of the 
cases, all of the layers perforated simultaneously on the antiinesenteiic 
surface, with slight laceration of the outer two coats and very little 
herniation of the mucosa In the rest of the specimens, mesenteiic 
ruptures occurred 

6 A higher pressure is lequired to rupture portions of the ali- 
mentary tract in children than in adults 

7 The average pressure required experimentally to perforate the 
various parts of the intestinal canal both within and without the abdomen 
IS approximately 4 07 pounds per square inch 

S Less piessure is required to rupture the intestine when the an 
is introduced more rapidly 

9 The general mortality is 56 81 per cent, the operative moi talitj , 
44 82 per cent and the nonoperative mortality, 80 pei cent 

10 Early release of mtra-abdominal pressure and laparotomy for 
proper surgical disposition of the intestinal injuries ofter practical!) 
the onl) hope for recover} of the patient 

Dr George A Bulh\ inkle made the accompanjing sketches Lieutemnt Com- 
mander Fennimore S Johnson, D , U S N prepared the microscopic sections, 
Prof H W Far^\ell plnsicist, Columbia UnnersiU supplied the phjsical com 
putations 
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Piiman tumois of the bone chaiactenzed histologically by an 
unoiganized giowth of lound cells, without appreciable intercellular 
substance occup} an uncertain position among malignant neoplasms of 
the bone In the hteiatuie one may find such \aried designations of 
these tumors as “sohtaiy m3clomas,” “undifferentiated osteogenic sar- 
comas,” “round cell sai comas of bone,” “endotheliomas,” “cellular 
medullary tumors,” “embr^yonal tumors of bone marrow” and “myelo- 
saicoma” Ewing’s saicoma, appaientl}'’ a homogeneous clinical entity, 
has but recently^ been segiegated fiom this ill-defined categor}’- of 
tumoi s 

We have recently studied the available literature on primary tumors 
of the bone m connection with a confusing tumor of the humerus, 
removed from a patient of one of us (H McK), which clearly 
originated as a complication of preexisting cystic disease of the same 
locality This tumoi had micioscopic characters m common with the 
group of myelomas, while a disseminated scanty fibrous, hyaline and 
osteoid intercellular substance and certain of its gross characteristics 
allied it to the osteogenic sarcomas In view of these peculiarities, we 
believe that a description of this tumor and a discussion of its place 
among primary tumors of the bone will be of interest in the general 
study of sai comas of bone 

Cystic disease of the bone is believed rarely or never to undergo 
malignant change into primary sarcoma of the bone In the literature, 
we have found one such case reported by Helbing - Beck,® in com- 
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1 Ewing, J Endothelial Myeloma of Bone, Proc New York Path Soc 
24 93, 1924 Kolodny, A Bone Sarcoma, Surg Gynec Obst 44 1-210, 1927, 
supp , part 2 Copeland, M M , and Geschickter, C F Ewing’s Sarcoma 
Small Round Cell Sarcoma of Bone, Arch Surg 20 246 (Feb) 1930, The 
Nature of Ewing’s Tumor, ibid 20 421 (March) 1930 

2 Helbing, quoted bv Beck 

3 Beck C Ueber achte C\sten der langen Rohrenknochen, Arch f khn 
Chir 70 1099 1903 
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menting on Helbing's report, stated that if the loentgenograms are 
examined carefully, some sign of malignancy may always be found in 
cases in which the condition later becomes unquestionably malignant 
The latter authoi cited a single case from his experience with “107 
cases of osteosarcoma” which was confused with a cyst of the bone, but 
m which a slight break in the periosteum could be demonstrated 
Bloodgood * stated that most central lesions of the bone aie either giant 
cell tumors or osteitis fibrosa, said to be but phases of the same patho- 
logic process, and that the central malignant tumois aie almost exclu- 
sively metastatic tumors, myelomas or central chondiomyxosarcomas 
Recently, Geschickter and Copeland ® advanced convincing proof that 
cysts of the bone, which usually aie either giant cell tumors or osteitis 
fibrosa are always benign These authors stated that proved cases of 
metastasizing giant cell tumor are instances of osteogenic sarcoma of 
the chondroblastic series containing giant cell osteoclasts in response to 
cartilage formation However, the two cases cited by W anke ® seem to 
be valid exceptions illustrating acquired malignancy in a previously 
benign giant cell tumoi 

Instances of solitar}' primary malignant tumors of the bone com- 
posed exclusively of cellular elements resembling the lound cells of 
noimal bone maiiow aie laie Kolodny^ stated that only one case of 
solitary myeloma has been reported m the Registry of Bone Sarcoma 
of the Amencan College of Surgeons Solitary mvelomas of the 
cranium are said to have been found by Morax ® and Ewald ° and by 
Riser and Sorel,^® and of the ilium by Creengough, Simmons and 
Harmer (case II), but the conclusiveness of these observations is 
somewhat clouded by the lack of a complete autopsy in each case 
Shaw reported a sohtar}' m)'^eloma of the humerus following a frac- 

4 Bloodgood J C How to Diagnose and Treat a Bone Lesion I Central 
Lesions, J Bone S. Joint Surg 8 471, 1926, Central Sarcoma of Bone, ibid 
9 217, 1927 

5 Geschickter, C F and Copeland, M M Recurrent and So-Called 
Metastatic Giant Cell Tumor, A.rch Surg 20 713 (May) 1930, Tumors of tbe 
Giant Cell Group A Pathologic Entita ibid 21 145 (July) 1930 

6 Wanke, R Ostitis fibrosa und Sarkom, Deutsche Ztschr f Onr 201 
358, 1927 

7 Kolodin (footnote 1, second reference) 

S Morax, Mselome orbitoire et cranien, Presse med 18 806, 1910 

9 Ewald Wien klm M chnschr 10 169, 1897 

10 Riser and Sorel R Plasmocstome intracramen asec parahscs unila- 
terales multiples Ann d med 26 385 1929 

11 Greengough, R B , Simmons, C C and Harmer, T W Bone Sarcoma 

An Anahsis of the Cases \dmitted to the Massachusetts General and Collis 
Huntington Memorial Hospitals from 1911 to 1921 J Orthop Surg 3 ^ 

12 Shaw \ r B \ Case ot Plasma Cell Mseloma J Path S. Bac 

26 125 1923 
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ture that had been tieated by curettage and bone graft, in which 
complete recovery had been made Rogers and Geschickter and Cope- 
land each recorded a case of similar solitary imeloma of the femur 
Another solitary myeloma of the humeius is to be found reported by 
Gieengough, Simmons and Harmer (case 20) Ewing stated that 
he observed solitary myeloma of the tibia and femui, but he did not 
descnbe his cases Multiple m3eloma, while a rare disease, is encoun- 
tered with greater frequenc)’’, and is more familiar Accounts of this 
multiple skeletal disease with summaries of the literature and bibli- 
ographies are given by Verse,^® Wallgren,^' Geschickter and Copeland 
and b}^ many others 

Undifterentiated osteogenic saicomas (Codman^^), tumors that 
microscopically are “composed of round cells which show no tendency 
to form any knowm structure or tissue ’’ are uncertain in their right 
to belong to this class of malignant tumors As Codman further 
stated “These tumors are round cell sarcomas occurring in bone and 
from their position are classed as bone sarcomas, not because they are 
knowm to have been derived from bone or bone elements ” Tumors 
described as undifterentiated osteogenic sarcomas are to be found among 
the case reports of Buerger^'’ (cases 3, 11 and 12), iNIacGuire and 
McWhorter*® (cases 25, 26 and 27), Connor*^ (cases 10, 11, 45 
and 49) and by Coley and Cole} ** (case 48) A few of these cases 
demonstrate definite affinities wuth the recognized types of osteogenic 
sarcoma b} the presence of quantities of “spindle cells,” w^hile the 
remainder are similar to alleged sohtar} myelomas described by other 
authors It is certain that these tumors do not comprise a homogeneous 
group 

13 Rogers, H A Case of Solitary Plasma Celled Mjeloma, Bnt J Surg 
17 518, 1930 

14 Geschickter, C F, and Copeland, M M Multiple Mjeloma, Arch Surg 
16 807 (April) 1928 

15 Ewing, J A Review and Classification of Bone Sarcomas Arch Surg 
i 485 (Maj) 1922 

16 Verse Ueber Plasmozjtomc urd mjclomartige Wucherung des Knochen- 
raarkes, Verhandl d deutsch path Gesellsch 15 62, 1912 

17 Wallgren, A Ueber die Katur der Mjelomzellen, Virchow's Arch f 
path Aiiat 232 381, 1921 

18 Codman, E A Bone Sarcoma, Xew' York, Paul B Hoeber, Inc, 1925 

19 Buerger, L Bone Sarcoma, Surg Gjnec Obst 9 431, 1909 

20 MacGuire, C J , and McWhorter, J E Sarcoma of Bone An Analj sis 
of Fifty Cases, Arch Surg 9 545 (Nov ) 1924 

21 Connor, C L Endothelial Myeloma Ewung, Arch Surg 12 789 (April) 
1926 

22 Coley, W B, and Coley, B I Primarj Malignant Tumors of Lon- 
Bones, Arch Surg 14 63 (Jan ) 1927 
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REPORT or CASE 

Hjstojy-— Miss E S, aged 65, a patient of one of us (H McK), who for 
years had been employed only with her own housework, entered St Joseph’s 
Hospital on Oct 1, 1929, for care of a refractured arm In March, 1929, she 
had sustained a fracture in the distal one third of the left humerus as the result 
of a light fall over the edge of a rug at her residence The patient stated that 
she definitely felt the arm “give way” before striking the floor For about a year 
previous to this time she had experienced intermittent vague pains in the region 
of the left elbow A roentgenogram (fig lA) taken at the time of this first 
fracture explained the occurrence of the break after such minor violence, there 



Fig 1 — A, roentgenogram of the left humerus taken on occasion of patient s 
first pathologic fracture, B, roentgenogram of the left humerus taken at the 
time of the second pathologic fracture The arrow indicates the site of biopsv, 
a section of which is shown in figure 2 


was a circumscribed rone of rarefaction with long axis parallel to the shait oi 
the left humerus, which had left onh a thin plate of cortex m the distal part ot 
this bone The appearance of this picture was consistent with that of a benign 
solitan fibrocistic lesion In a roentgenogram of the pehis and upper halt o 
both femurs, taken at this time, no fibrocistic changes were seen m these 
bones Following fiie weeks of immobilization, the patient regained full lunction 
of the arm but intermittent pain, slightn more seiere than preiioush, remaine 
About September 1, while drying dislws in her home, she suffered a spontaneous 
fracture at the same site which was treated temporan!\ hi immobilization in a 
sling as this rehc\ed the pain somewhat Nothing lurthcr was done u"ti 
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patient entered the hospital No other facts of possible significance were obtained 
from her past history, except that she had suffered for years from chronic rheu- 
matoid” pains on the right side from the hip to the knee 

Evammafxon — Physical examination revealed nothing inconsistent with her 
age except locally m the left arm, where edema of the arm and forearm and 
brownish pigmentation about the elbow were seen Some crepitus was elicited in 
the distal third of the arm, and pain on pressure was evident over the same area 
Kxamination of the blood on admission showed only a mild secondary anemia, 
with normal coagulation time There were 4,320,000 erj'throcytes and 5,350 leuko- 
cytes in the peripheral blood Hemoglobin was 70 per cent The differential 
enumeration of leukocytes show'ed polymorphonuclear neutrophilic leukocytes, 66 , 
small lymphocjtes, 20, large lymphocytes, 8, and “transitional cells,” 6 per cent 
The Wassermann and Kahn reactions were both negative The blood pressure 
w'as 165 S 3 ^stohc and 90 diastolic Only a trace of albumin was found m an 
otherwise normal urine The temperature on admission was 98 6 F , but notable 
was the fact that from the second day following admission until discharge and 
after readmission on December 31 up to subsequent amputation of the arm, the 
patient had a persistently subnormal temperature, averaging from about 96 4 to 
97 F , which rose from 1 to 1 5 degrees nearer normal after the amputation 
After entrance into the hospital, the patient still complained of persistent pain 
Roentgen examination (fig 2) made just after entrance to the hospital demon- 
strated the same cjstic lesion in this left arm as was discovered on the occasion 
of the patient’s first fracture six and a half months previously, when she was 
attended bj’’ another physician There was, in addition, an irregular transverse 
line of increased densitj, and on one side of the shaft of the humerus almost 
continuous with the previously mentioned line was a slight elevation of the 
periosteum Elsewhere, the contour of the cystic lesion was even and regular 
The possibility of a malignant tumor of the bone was entertained, and biops}"- was 
done uneventfully under general anesthesia on October 17 The shaft of bone 
was sampled near the insertion of the triceps, posteriorly, at approximately the 
location indicated by the arrow in figure IB The curetted bone was described by 
a pathologist as a normal bone spicule, without inflammation or tumor On 
reviewing these sections later, we "discovered a few scattered foci of slightly pleo- 
morphic cartilage cells (fig 2) An operative diagnosis of cyst of the bone was 
made at this time Between October 9 and November 8, the patient was given four 
deep roentgen radiations to the distal two thirds of the left humerus in the hope of 
preventing metastasis 

The patient stated that she obtained union and partial function of the left 
arm after leaving the hospital in November, even the pain being but trifling 
About December 24, while dressing herself, she again suffered a spontaneous 
fracture with a subsequent amount of pain comparable to the previous spon- 
taneous fracture About three days later she was seized with a sudden agonizing 
pain in this arm, so severe as to cause her to cry out These new intense pains 
continued intermittently until and after the patient’s reentry to the hospital on 
December 31 The temperature and results of the blood examination and 
urinalj sis w'ere essentially insignificant on readmission and subsequently, with the 
exception of the persistent subnormal temperature, already described, and an 
abnormally large proportion of ‘‘transitional cells” among the blood leukocytes, 
on one occasion 6 and on another 18 per cent 

Roentgen examinations at this time revealed in the left arm (fig 3) changes 
suggestne of mahgnancj and a fracture, probably pathologic There w'ere no 
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changes in the other bones, including the skull and pehis, ribs and spine, except 
slight arthritic changes in the head of the right femur A second biops\ was 
done through the old operative scar on the lower posterior aspect of the left arm, 
on Jan 8, 1930 Immediately on completion of the incision through the thinned 
fibers of the triceps muscle, a soft grayish tumor mass was found on the outside 
of the bone An operative diagnosis of sarcoma of the lower end of the humerus 
was made, and the wound was closed Examination of a portion of the tumor 
tissue was made by a pathologist, who reported “a highly malignant bone tumor, 
probably a primary sarcoma ” Dr E R Le Count later concurred in the opinion 
on the malignancy of the tumor 
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Fig 2 — Photomicrograph taken of an area of pleomorphic cartilage cells found 
in biops} sections done at about the time of the roentgenogram of figure 1 B 
Reduced from a magnification of X 160 


Operation— \n amputation was approied b\ the patient and was done on 
Tanuar\ 25, under general anesthesia A preoperatne roentgenogram of the 
thorax rc\ealed a circumscribed nodule with a dense periphery m tlie upper le t 
side of the chest near the apex, which was probabh responsible for the observec 
displacement ot the trachea to the right and for the slight fulness of the medial 
part of the lett infraclaMCular space The patient stated that the latter ha cen 
present for %ears The nature of this nodule was not definitch decided, excep 
that It undoubtedh did not represent metastasis Subsequent eients proied Urn 
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to be true The patient iccovered without mishap from the amputation and w'as 
discharged from the hospital on Feoruarv 8 m good condition The patient 
has been in excellent general condition since the operation At this time, tw'elve 
months following amputation, there is a local recurrence but no systemic metas- 
tases Examination of the amputated specimen was begun three and one-half hours 
after completion of the amputation 

Maaoscopic Examinahon — The amputated left arm was still warm and soft 
The soft parts w'ere cut through about the middle of the arm, the humerus 8 cm 
nearer the shoulder The intact forearm and hand were attached The skin of 
the upper part of the arm was smeared with blood About the elbow, the skm 



Fig 3-- Poentgenogram of the left humerus taken at the time of patient’s third 
pathologic fracture Obvious signs of malignanc} are present m this picture 

w'as stained wnth iodine in a zone from 5 to 8 cm wnde The distance from the 
olecranon to the tip of the stjloid process of the ulna, along the skm, was 26 cm , 
that from the tip of the stjloid process of the radius to the tip of the index 
finger was 16 cm The width of the palm at the first distal transverse furrow- 
w-as 77 mm The maximum thickness of the hand was 22 mm at the base of the 
Inpothenar eminence The skm of the palm was smooth soft, pliable and wrinkled 
onlv br the usual creases That of the dorsum was also smooth, soft and pliable, 
but was a faint rellowish brown, slighth wrinkled and abnormalh motile mer 
the underhmg tissues The skin ot the forearm not discolored hi the rellow 
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referred to, was brownisli -sellow and finely mottled in places with a slightly 
darker coloi, and was smooth, soft, pliable and not wrinkled There was an 
abundance of subcutaneous fat in the forearm The width of the wrist at the 
le\el of the st 3 doid process of the ulna was 57 mm The width of the forearm 
at the elbow crease, with the arm in full supination and at as extreme extension 
as possible, was 105 mm A full range of normal motion was possible at the 
^^rlst, and at all metacarpophalangeal and mterphalangeal joints At the elbow, 
extreme extension lacked from about 35 to 40 degrees of approaching a straight 
line, and forced flexion established an angle of only from 95 to 100 degrees 
between the arm and forearm Supination could be completed, but forced prona- 
tion would bring the forearm to only about half the extent of normal complete 
pronation The skin of the arm was smooth, soft and pliable, but was streaked 
with dried blood There was even more subcutaneous fat in the arm than in the 
forearm, and the skin had about the normal amount of motion over the underlying 
parts Externallj", no abnormal structures could be felt beneath the skin of the 
forearm, hand, fingers or thumb The maximum w'idth of the arm was 125 mm 
at 4 cm proximal to the elbow' The circumference at the same level was 37 cm 
A hard tumor w'as in the distal part of the arm, close to the elbow' This sw'elhng 
had a limited amount of independent motion, and crepitated against the proximal 
parts of the humerus The tumor projected externally, but slightly more on the 
internal aspect The circumference of the arm at the edge of the skin made by 
amputation w'as 35 cm Here the subcutaneous fat was abundant, golden yellow 
and from 22 to 42 mm thick A small amount of divided muscle projected about 
3 cm beyond tlie skin, and still more proximal an almost denuded apparently 
normal humerus extended 5 cm The severed nerves and blood tessels presented 
at the site of amputation The exposed tissues w'ere soft and pliable, and no 
abnormal structures or tissues had been bared by amputation 

When the skin of the arm and forearm was cut there was from 10 to 15 cc 
of clear fluid in the subcutaneous tissues of the forearm The abundant sub- 
cutaneous fat about the tumor w'as from 16 to 33 mm thick , in the middle of the 
forearm from 14 to 22 mm , and in the wrist, only from 1 to 6 mm The weight 
of the skin of the arm and forearm, with this fat, was 1 250 Gm The median 
ner\e with the brachial artery and venae comites ran o\er the front of the tumor, 
the ner\ e being slighth flattened and compressed to about half of its diameter 
The brachial arter\ ran betw'een the nicdian nerve and the tumor m a shallow' 
groo\e from 2 to 6 mm deep, and gave off several fairly large branches into 
the anterior capsule of the tumor The artery throughout its course w'as com- 
pleteh collapsed and contained nothing within its lumen The lenae comites con- 
tained a few drops of fluid blood The ulnar ner\e ran o\cr the dorsomesial aspect 
of the tumor and descended abruptU medial to the olecranon, being pushed 
aentralh from its normal position The musculocutaneous nene was entireh 
free from the tumor mass Two graMsh nodules one 18 and the other 23 mm m 
diameter projected into the subcutaneous fat, between the muscular septums in 
the medial bicipital sulcus 0\cr a large part of the tumor mass tiie uln ir ner\c 
was flattened to a aaniiig extent the maximum being about twice the normal 
diameter of the nerve The radial nerve descended over the v entro-external 
surface of the tumor beneath the muscularis brachialis This nerve was much 
flattened and compressed for 6 cm largelv on the front and distal surface aspect 
of the tumor and then passed into the forearm The muscles of the arm sur- 
rounded the tumor except at the two places described and were all firinb 
adherent on their nnder'iirface to the capsule of the tumor The miisciilaris 
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biceps bracbii seemed to be little aftected The musculans brachialis was mark- 
edly compressed and adherent to the outside of the tumor Tlie musculans triceps 
braclui dorsall}^ was somewhat atrophied The common tendon of insertion of 
the long and medial heads of this muscle and the hbrous band between them 
filled a definite longitudinal furrow SO by 10 by 5 mm m the dorsal part of the 
tumor Here the tumor seemed to have been prevented from encroaching on the 
extreme dorsal part of the arm The color of all these muscles was the same 
as the muscles elsewhere, a deep reddish brown The circumference of the tumor 
at the level of the previous measurements w'as 27 cm It w'as incompletely sur- 
rounded by a tough fibrous capsule, d'stinct anatomically from the muscles, but 
adherent to many of them In many places gray parts of the tumor projected 
through the capsule Exteinallj, the tumor seemed to be homogeneous with the 
consistency of soft cartilage, except dorsalh, where there was a ridge of tough 
fibrous connectne tissue trom the humerus None of the muscles originating on 
the humeral condyles and inserted in the forearm or hand had been incaded by 
the tumor The sjnovial surface of the joint was smooth, glistening and yellowish 
graj’^, except for 22 by 12 mm m the capsule just central to the trochlear articular 
surface of the humerus, wheie it was occupied by a grayish nodular tumor tissue 
Three hemorrhagic areas, from 2 to 5 mm m diameter, were within the grayish 
nodules replacing the synovia The articular surfaces of the humerus, radius 
and ulna were all smooth, glistening, moist and ot normal color 

The tumor was easily cut to a depth of 5 cm , when resistance was met 
How'ever, m places a smill knife could readily be inserted entirely through the 
mass The greater part of the growth la> ventral to the shaft of the humerus, 
which was markedlj eroded and destrojed On longitudinal section of the 
humerus and tumor (fig 4), more of the anterior than of the posterior half of 
the shaft was found to be destrojed, as only small spicules of bone from 1 to 2 
mm m diameter remained over 6 cm of the former site of the anterior half of 
the shaft In the posterior half, there was a similar gap of only 3 cm In this 
region, adjoining the remaining fragments of intact bone, there were also eight 
or ten small irregularly circumscribed rones of hemorrhage from 2 to 5 mm m 
diameter 

The former marrow cavity was shghth bulged m the transverse diameter 
and free from bone over 8 cm proximal from the trochlea It was filled with 
grayish tumor tissue similar to that found in the extramedullary part of the 
growth Beginning 8 cm proximal from the trochlea and extending 31 mm more 
proximal, the marrow cavity w'as filled with delicate, interlacing bony trabeculae, 
mixed wnth grayish tumoi tissue Over this same length there was a sub- 
periosteal bony thickening at the junction of the tumor wnth the intact shaft and 
on both surfaces of the bone exposed by longitudinal section The maximum 
transverse diameter of this thickening w'as 5 mm , thus making the total trans- 
verse diameter of the bone 28 mm at a point 95 mm proximal to the upper 
trochlear border In contrast, 25 cm more proximal, where the subperiosteal 
thickening w'as not present, the transverse diameter of the humerus w'as but 19 
mm This subperiosteal thickening w’as symmetrical on the two sides, wdnte and 
of norj’- appearance and consistencj At a point 105 mm proximal to the upper 
trochlear surface, there was an irregular transition betw'een the mixed intra- 
medullary bony trabeculation and tumor tissue to apparentlj normal bone marrow, 
which extended proximallj 110 mm to the transverse surface of the bone made 
bj' amputation The shaft of the bone over the latter extent was also apparently 
normal 
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The extramedullarj part of the tumor exposed b> longitudinal section was 
completed surrounded bj a wdiite fibrous capsule of connectne tissue, from the 
under surface of wdiich from ten to twelve conspicuous and many more incon- 
spicuous septums converged incompletelv in the general direction of the center 
of the tumor mass, thus giving this mass the appearance of faint, irregular lobula 
tion These indnidual tumor units bulged slightly on this section There w'as 
no gross bone or other differentiated tissue, save the previously mentioned radi- 
ating septums present on the background of the tumor in its extramednllan 
extent 



Tig 4 — Longitudinal section of the gross specimen of amputated humerus vith 
tumor The larger part of tlie tumor is seen to be anterior to the shaft of the 
bone 


^ficio^iopic E\aintiiatio>i — In sections of the curettement specimen remored 
from the arm m Januarr and stained with hematoxjhn and eosin, small irregular 
bits of tissue were composed largeh of rounded or famth pohgonal cells, \ar\ing 
in diameter from 5 to 16 microns, the riajontr being from 9 to 12 microns Two 
zones were seen within each of the irregular tissue units on the slide a peripheral 
zone, composed largeh ol cells the nuclei of which were solidh Iw perchromatic 
with rare mitotic figures and a central zone, composed almost exclusnel\ of 
cells slmhth larger (areraging from 12 to 14 microns in diameter), tlie cUo- 
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plasm of which was frequently pooily fixed and thus ragged, but the nuclei of 
which were large and vesicular, with chromatin present m irregularly distributed 
hyperchromatic condensations (fig 5) The latter cells tended to be in linear 
configuration, one or two cells m width From one eighth to one sixteenth of 
these nuclei contained mitotic figures In well fixed cells of either class, the 
nongranular cytoplasm varied m width on either side of the nucleus from 2 to 8 
microns, averaging in the majority from 2 to 3 microns in width Thus, the 
cytoplasm made up about one third of the cell Delicate, sparselv nucleated 



Fig 5 —Photomicrograph of tissue removed at the second biopsy operation, 
done at about the same time as the roentgenogram m figure 3 was made, X 160 


stromal septums, from 8 to 30 microns in width, mcompletelj and irregularly 
divided the tissue into groups of from three to ten or twenty cells Other wider, 
more cellular stromal units connected wuth smaller more regular fibrils The 
nuclei of this heavier cellular stroma were sparse, but were composed about equally 
of small polygonal solid elements and of larger elongated paler elements, resembling 
but about tw'ice the size of y oung fibroblasts The last described stroma ser\ ed as 
a matrix carr\mg the majority of the small blood cessels The distance between 
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successive larger fibrils varied from 250 to 1,000 microns or more, while that 
between the smaller acellular fibnllae was from 30 to 100 microns In sections 
stained with phosphotungstic acid and hematoxylin, the larger stromal septums 
were a deep homogeneous blue, while of the smaller fibrils, about half were bluish 
and the other half a golden yellow Although this stroma was described in detail, 
It was but an inconspicuous part, composing 5 per cent or less of the total tissue, 
which, as a whole, gave the impression of a cellular mass Disseminated through- 
out the entire tissue, in no obvious relation to the smaller cells, were other much 
larger cells, varying in diameter from 16 to 22 microns, containing two or three 
nuclei, and in rare instances, even four or five nuclei, which overlapped one 
another and were symmetrically placed within the cell In these cells the cyto- 
plasm w'as abundant, varjung from 5 to 11 microns in width, averaging 7 or 8 
microns The nuclei of these cells w'ere rounded or oval, and were a deepK 
stained homogeneous mass Mitotic figures were rare in them, being observed 
in only one m a hundred such cells picked at random These larger cells were 
present m a proportion of from one to tw'cnty, to from one to forty or fifty of the 
previously described smaller cells They w’ere so strikingly similar to these 
smaller cells that thej^ had the appearance of being but hypernucleated variants 
of the same origin At man\ of the edges of macroscopic tissue units on the 
slides there was a cellular condensation, varying in width from S to 150 microns, 
m wdiich the cells were flattened wnth nuclei all solidly Aa perchromatic, and from 
tw'o to four times as long as thev were wnde Disseminated throughout the tissue 
were numerous small capillary and thin-walled blood vessels, moderately dis- 
tended with erjthrocytes, varying in number, with different zones, from one to 
two, and from two to six or eight per high power field of a diameter of 380 
microns Manv smaller irregular zones of hemorrhage limited and intersected bv 
tumor cells were seen, as well as many small zones of hemorrhage about the 
peripherv of the macroscopic tissue units of these slides 

In sections taken from five different locations along the periphery and extend- 
ing from 15 to 23 mm toward the center of the tumor, stained with hematoxylin 
and eosin, an identical picture was seen (fig 6), save for the quantity and 
qualitv of stromal tissue present The essential features of these sections were 
equwalent to the previouslj described tissue taken at biopsy Like those sections 
the tumor was seen to be composed largely of faintly polygonal, rounded and oval 
cells Stroma was reduced to secondarv prominence, although it was greater 
in abundance here than in the curettement specimen, since it was composed in 
this instance of from 5 to 20 per cent of the total area of these sections In 
contrast to those sections, this tissue v as more poorlj vascularized The occa- 
sional small blood vessels seen were devoid of erjthrocjtes 

Among cellular elements (fig 7), the essential and prominent part of the 
tumor, four tvpes of cells were seen intermingled at random, sav'e the first cell 
tvpe to be described which was seen in greater abundance m close proximitv to 
the larger fibrous stromal elements of the tumor This cell resembled closelj the 
small blood Ivmphocvte having a single, round, heavilv stained nucleus, but with 
relativelv more nongranular cvtoplasm than that cell ^Iitosis was never seen in 
this small cell the diameter of which measured m twentv specimens was almost 
constant at from 4 to 7 microns Two other tvpes vvliicli together made up about 
So per cent of the cells were practicallv identical save that one possessed a single 
large prominent nucleolus while its counterpart had no such discernible structure 
These cells were large variable in size and were ovoid or polvgonal, and mono- 
nucleated Thev varied in size from 7 to 16 microns, manv examples being found 
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of almost e\ ery dimension Their cjtoplasm was abundant and nongranular, 
making up from one fourth to one third of the total cell area The nuclei were 
round or ovoid, varjing m greatest diameter from 5 to 9 microns Chromatin 
was present m hj perchromatic condensations, in the smaller cells of this class, 
making up three or four peripherallj’^ placed large blocks, and in the larger cells, 
si'^ or eight smaller points, distributed somewdiat more sjmmetricall} w'lthin the 
nucleus Mitosis w^as occasionallj seen in these cells, but not wuth the frequency 
that it was observed m the same tipe of cell in the curettement specimen j\Iulti- 



Fig 6 —Photomicrograph of tissue from the periphery of the tumor taken 
from the gross specimen The essentials of this pieture are identieal wuth figure 
5, X 160 

nucleated eells were present in greater abundance than m the preiiously described 
curettement specimens, lariing from the proportion m which thev were found 
there to one in ten cells m certain areas m these sections The\ raried m size 
from 14 to 22 microns, mam being 16 microns in diameter As a rule, thej eon- 
tamed from three to fiie nuclei but occasionalh cells haiing from two to eight 
were seen All of these nuclei were similar being shghth oioid larjing from 
7 to 12 microns, with the majorit\ 8 microns in greatest diameter In perchromatic, 
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and having multiple disse-ninated condensations of chromatin within the nucleus 
Occasionalh, mitosis could be seen in one of these extremelj large cells, when 
thej became especiall} hj perchromatic 

The stroma of the tumor in three of these sections w'as moderately prominent, 
making up from 10 to 20 per cent of the total area of the section The relation 
of stroma and cellular zones of the tumor was not fixed, but varied markedlv in 
different localities Delicate white fibrous septums of connectue tissue, with 



Tig 7 — Photomicrograph showing tjpes ot cells to be found in this almost 
piireh cellular tumor X 630 


occasional fibroblasts present irregularh and incompleteh dnided groups of from 
two to tort\ cells in width throughout the more cellular parts of the sections 
Other wider stromal elements were present, of about halt white fibrous con- 
nectne tissue and the other half a more loose fibrillarj structure, which, in sec- 
tions stained with phosphotungstic acid and hematoxrhn, gaie the reaction of 
collagen Fibroblasts and other irregularh hearih chromatinized cells, as well 
as cells tint were dcfiniteh identical with the mononucleated cells of the cellular 
part ot the tumor were present in moderate abundance trapped in the interstices 
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of this stroma In some localities the transition beU\ een stroma and cellular areas 
of the tumor %%as sharp, ^\hlle in others stromal processes became more delicate 
and intermingled A\ith narrow columns of tumor cells IrregularK shaped deposits 
of calcium uere seen within about one fourth or one third of the zones of such 
stromal tissue (fig 8) Tumor cells vere ne\er adjacent to the calcified areas, 
but definite noncalcified areas of the stroma were alwajs interposed In certain 
areas of stroma surrounded bi fibrous connectne tissue and in other localities set 



Fig 8 —Photomicrograph showing partialh calcified stroma to be tound in the 
periphen of this tumor, X 160 


directh into an opening m the cellular part ot the tumor there were linear In aline 
structures ha\ing a fixed width of about 20 microns, with fine, wa\\, longitudinal 
fibnllae and with flattened marginal ntclei resembling in size and location the 
nuclei of striated skeletal muscle (fig 9) All oi the stromal elements described 
were not present simultaaeoush in two of the fi\e sections, but larious com- 
binations ot them were present in the other three slides Thus this description 
IS of the aggregate ot stroma tound in the peripheral 2 cm ot the tumor E\er% 
gradation might be tound ii. an extensne stud\ of these slides irom a low power 
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field width composed almost exclusi%clj of stroma to one exclusively cellular V 
few blood vessels were to be found containing tumor cells in small numbers, 
admixed with erj'throcytes The capsule of the tumor was composed of a dense 
lamina of mature, white, fibrous connective tissue Ten small, almost insignificant, 
spicules of lamellated bone were to be seen exclusively on one side of two sec- 
tions These represented the microscopic remnants of the destroyed shaft of the 
bone These spicules differed from calcified stroma in that they were more 



Fig 9 — Photomicrogr iph showing h\ aline substance probablj partiall) degen- 
erated skeletal muscle, included m the penpher\ of the tumor, X 160 


deeph stained with the purple-blue of hematox^hn, were trabeculatcd and were 
surrounded immediateh be tumor cells some of which lai in definite small 
excaeations analogous to the lacunae of How ship There were no large multi- 
nucleated osteoclasts \s a rule the calcified stroma was not farther than 1 to 2 
mm distant from these bom remnants all being from 25 to 30 mm beneath the 
tumor capsule In a single section a dehnitc wide band of stroma containing 
calcium deposits wa-. seen 15 mm siibcapsularl\ and 10 mm distant from the 
nearest spicule ot lamell ited bone 
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COMMEKT 

Accoiding to the classification of the Sarcoma Registry ot the 
Ameiican College of Surgeons, devised by Codman, Ewing and Blood- 
good, malignant primary tumors of the bone include osteogenic sarcoma, 
multiple and solitary myeloma, angio-endothehoma and Ewing’s sarcoma 
A frequently found and confusing tumor is the benign giant cell tumor 
Each type of this class of tumors has distinguishing characteii sties 

The osteogenic sarcomas are osteoblastomas, that is, they aiise fiom 
cells of the primitive mesoblast which are potential osteoblasts Giossly, 
they originate m the metaph 3 fsis of the long bones, with frequently the 
clinical triad of trauma, tumor and pain It is usuallj’^ a disease of the 
young, the incidence peak falling in the second decade' However, no 
age gioup is free from the disease Mirroring the age of the patient, 
and thus skeletal growth energy, are the gross anatomic t}pes, the 
osteogenic and the osteolytic varieties of osteogenic sarcoma Kolodny 
pointed out the fact, supported by the data of the Sarcoma Registry, that 
osteolytic tumors are more frequent in adults than in young peisons 
Grossly, and thus also roentgenologically, there are frequentl} seen 
beneath the raised periosteum calcified spicules arranged perpendicular 
to the long axis of the bone, in the charactenstic “sun-ray” configu- 
ration This is not an essential sign in osteogenic sarcoma, being con- 
spicuously absent m the osteolytic varieties found moie commonl> m 
adults Lipping of the periosteum b}' new bone formation at the junc- 
tion of the tumor and intact shaft, the so-called “reactive triangle,” is 
thought by Codman and other authorities to be an essential and cardinal 
sign of osteogenic sarcoma The consistency of the tumor vanes greatly, 
erery gradation being seen, from the osteogenic types as seen m the 
scleiosmg vanety to the purely cellulai osteolj'tic types However, even 
in an extreme osteolytic osteogenic sarcoma there is said to be always 
a tendency towaid bone formation, showing as a few scattered some- 
times micioscopic, foci of new bone at some place m the tumor proper 
The microscopic picture is varied, depending on the degree of diffeienti- 
ation of these descendants of the priinitne osteoblast and the qualit) and 
quantity of intercellulai substance Kolodny dogmatical!} stated that 
“osteogenic saicomata are never of the round cell type If the leading 
cell of the tumor is a round cell it is not an osteogenic sarcoma ” 
Other authors (Codman Ewing, and Simon =’) are less insistent on 
this point 

Multiple myelomas comprise a characteristic clinical and pathologic 
gioup, occuning in contrast to osteogenic sarcoma, largel} in persons 
between the ages of 40 and 70 }ears, with the peak of incidence m the 

23 Simon, W V Die Kiiochensaicome Ergebn d Chir u Ortliop IG 364 
1923 
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sixth decade Multiple distribution of tumors involving especially the 
shoit flat bones, as the ribs, sternum, clavicle, vertebrae and cranium, 
with slowly progressive anemia and cachexia punctuated by multiple and 
lecuiient pathologic fractures, are the outstanding features of the dis- 
ease The roentgen rays show the tumor in the characteristic locations 
as rounded, punched-out areas or as a diftuse rarefaction of bone pio- 
ducmg a mottled effect Bence-Jones protein is present m the mine of 
many of these patients, but a similar proteosuria is associated with othei 
tumois of the marrow cavity, notably metastatic carcinoma and endo- 
thelioma Giossly, an outer table of parchment-like thinness is found in 
the affected bones, coveiing a dark red or gray gelatinous, freel} bleeding 
tumoi The histology of multiple myeloma is typical The tumors aie 
composed of rounded or oval cells usually with a single lounded 
nucleus and a scant}^ reticular stroma H3^pernucleated tumoi giant 
cells with two to foul nuclei aie commonly seen The cells m the 
majorit) of cases have been identified with plasma cells, although 
Geschicktei and Copeland stated that such cells do not take the 
characteiistic plasma cell stain by the Unna-Pappenheim or pol3'chrome 
metlnlene blue technics, and that such cells lack the peimucleai halo 
In contrast, Verse, relied on such positive signs m identifying his 
cases of multiple plasmocytomas Although less frequent, certain 
multiple tumois are said (Kolodny, Ewing-'*) to be composed of cells 
lesembhng m3 eloblasts, l3anphoc3des and megaloblasts Some foimation 
of new bone and stroma occurs, as attested by the healing of pathologic 
fractures and b^ micioscopic examination Sohtar3 m3elomas, that is, 
tumors identical wuth the multiple tumors just described, but originating 
from a single focus, have not been found with frequency 

Angio-endothelioma, a raie tumor, is similar m its clinical aspects 
to osteogenic saicoma Its onlj distinction is a histologic one, cells 
being arranged in aheoli and tubules, traceable in some part of the 
tumoi to proliferation of vascular endothelium It is safe to sa3' that 
such malignant tumors of the bone are correctly diagnosed onlj at 
autopsN , since in the reported cases various diversified types of osteo- 
genic sarcoma have been approximated clinically and roentgenologicalh 
The possibility of metastatic carcinoma should alwa3S be deposed 
Ewing’s sarcoma, although described bj Ewing-** himself as a 
diffuse osteoh-tic endothelial mveloma of the bone, has most recent!} 
been considered Copeland and Geschickter as a primar} sarcoma 
of the bone originating either m the haversian s\ stems or m some other 

24 E\\ing J Xcoplastic Disease ed 3 Philadelphia, W B Saunders Com- 
pan\ 1928 

2s Ewing (footnote 1 reference 1) 

26 Copeland and Gc‘:chickter (footnote 1 third and fourth reicreiicc) 
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subpeiiosteal location The group is considered as a highly homogeneous 
entity, characterized by recurrent attacks of pain occurring in a per- 
son practically always between the ages of 5 and 25 years, subsequently 
followed b}' tumor, which roentgenologicall}'' is seen to be a thickening 
of the shaft of the long bones in longitudinally concentric layers, later 
accompanied by widening and mottling of the marrow cavity due to 
mteinal bony destruction The rant} of pathologic fiacture, the 
exquisite sensitiveness of the tumors to loentgen theiapy and the marked 
early tendency of the tumor to metastasize to other bones are further 
striking pecuhaiities of this tumor Fever is common!} present m 
patients with Ewing’s sarcoma in all stages The soft parts of the 
tumors are firm and of a grayish white and divided into lobules b} a 
numbei of radiating connective tissue strands Microscopically, small, 
rathei uniform polyhedral cells with scant}’’ c}’toplasm and rounded or 
oval nuclei make up the tumor Multmucieated tumoi cells are con- 
spicuously absent Fibrous trabeculation with hyahne-like intercellular 
substance divides the tumor tissue frequently to resemble an aheolar 
ariangement So frequently are biopsy specimens diagnosed as inflam- 
mation of the bone that such a report alone should make one suspect this 
condition Bence-Jones protein has nevei been found in the mine of 
these patients 

The benign giant cell tumor and allied conditions characterized by 
the presence of giant cell osteoclasts ha\e recently been subjected to a 
thorough-going critical analysis by Geschickter and Copeland,-' m u hich 
the lelationship of these giant cell tumors as a piogressing stage of the 
same t)pe of lesion as osteitis fibiosa, a fact many times pieviousl} sus- 
pected, IS reemphasized with new data The tumor occurs largel} in 
}Oung adults, the peak incidence falling in the thud decade, an age 
slightly beyond the aveiage for osteogenic sarcoma and Ewing’s tumor, 
although not an inconspicuous number of giant cell tumors occur m 
adults of all ages up to SO or 55 }ears The sites of bony iniolvement 
aie the usual points of trauma to the skeleton about the knees and 
shoulders and m the legion of the trochanters and the distal part of 
the radius The small bones of the extremities are occasionally involved, 
while in osteogenic sarcoma such a location is almost never seen The 
tumor enlarges by central destruction with peripheral expansion and sub- 
peiiosteal bony proliferation The picture at an} single moment depends 
on the relative preponderance of these two processes I^Ietastases are 
ne\er observed in well scrutinized cases Roentgenologically, an 
expanded marrow ca\it} is seen, usuall} with an intact thin bon^ shell 
about the penpheri’ of the tumor Internal bon} trabeculation almost 

27 Ge'ichickter, C F , and Copeland, M M Osteitis Fibrosa and Giant Cel! 
Tumor, Arch Surg 19 169 f Aug ) 1929 footnote 5 
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uni\ei sally piesent, is lesponsible for an appearance resembling soap 
bubbles The solid portions of the giant cell tumors aie f liable and 
ciuinbly, thus pathologic fracture is common in this condition The 
soft parts of the tumor within the cystic portions are soft, red and 
profuse!}^ bleeding when disturbed, thus having been likened to currant 
jelly In the healing vaiieties, fibious connective tissue and dense 
peiipheial bone may predominate The microscopic structure of the 
tumor has a single fixed chaiacteiistic giant cells of the osteoclast 
type, which should be carefully contrasted with foieign body giant cells 
(Langhans) and tumor giant cells of othei conditions Numeious 
blood lessels are embedded m a stioina of elongated round oi polygonal 
cells with large pale nuclei Stromal cells aie but slightly pleomorphic 
In ceitam aieas of many giant cell tumors can be found zones devoid 
of giant cells and pooi in stioma and blood vessels, composed almost 
exclusivel}? of rounded cells, zones that aie similar histologically to 
myelomas, except that tumor giant cells are absent The latter, however, 
aie said to be absent in some varieties of myelomas Clmicall), with 
the slow but frequently progiessne course, together with charactei istic 
loentgenograms, the diagnosis of giant cell tumor is easily made in cer- 
tain instances 

Atypical and borderline cases of malignant tumors of the bone are 
difficult to assign to one of the previously described categories Fre- 
quently, the diagnosis can be made easier by the roentgenologist than 
b\ the pathologist Particularly is this true of the cellular osteogenic 
Sell comas and of biopsy specimens taken by unfortunate chance from 
atjpical zones of tumors elsewheie orthodox In attempting to classif-y 
ani tuinoi of the bone, data must be compiled from three soiuces 
clinical, roentgenologic and pathologic, both gross and microscopic The 
last item is a factor of marked variability among the osteogenic sar- 
comas When, as m the present instance, a single of these aids is mis- 
leading, the clinical and gross pathologic data will fmnish the most 
valuable clues to the origin and relations of the tumor Roentgen- 
ographx , as dependent on gross anatomy, frequenth^ accurately sup- 
plants the latter in the living patient From a consideration of the 
foregoing descriptions, the tumor m our case could have been either 
a cellulai osteogenic saicoma or a solitari myeloma The sudden onset 
and derelopment of the tumor m our patient, its location m the distal 
part of the humerus the age of the patient and gross and microscopic 
pathologic changes all conclusneh demonstrated that the tumor could 
not be a giant cell tumor Likewise it nas highh improbable that our 
patient had Ewing’s sarcoma because ot her age the absolute dis- 
sunilariti in location of the tumor and its mode ot giowth and the gross 
and microscopic anatomi of the specimen 
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The histor} of trauma, followed later by pain and tumoi are chai- 
acteiistics that are shared by numeious tumors of the bone Myeloma 
IS usually a tumor with silent onset Howe\er, the cases of solitar} 
myeloma found in the literature prominently display trauma as a factor 
m the presumptive etiolog}^ of the condition The i elation of trauma to 
causation m this as m other tumors is not clear The age of our 
patient (65 years) favored a diagnosis of myeloma although it is not 
utterly inconsistent with osteogenic saicoma The subnormal tempera- 
ture (averaging about 97 F ) during the time prior to amputation, AMth 
a rise of the temperature to a more normal range of 98 to 98 6 F 
following amputation is suggestive of myeloma being not mfrequenth 
observed in multiple instances of that condition The occurrence ot 
cells in the blood, designated as “tiansitional cells,” in one instance to 
the extent of 6 per cent and m another to the extent of 18 per cent 
IS of inteiest The lack of a definite description of these cells pre- 
cludes the possibility of determining their relationship to the condition 
Localization of the tumor in the distal third of the humerus is evidence 
against osteogenic sarcoma, according to certain authors Kolodm 
stated that “an osteogenic sarcoma below the deltoid tubercle is a curi- 
osity ” Houever the metaph}seal situation is suggestne of this condi- 
tion The gross appearance of the tumor was similar to the bone 
destiuctive variants of osteogenic sarcoma, definitel} known to be 
more frequently seen in adults than m the young Peiiosteal lipping at 
the junction of tumor with the intact shaft was present m this case 
This single configuration is said to be patbognomonic of osteogenic 
sarcoma 

Micioscopic anal 3 'sis of the tumor leaies much to be desiied as to the 
conclusiveness of an opinion, rendered from this source, as to the origin 
of the tumoi At first impression of a single section one ^\as struck 
with the similarity to the microscopic picture of mi'eloma Howe^er 
the type could not be that of the most common of the myelomas the 
plasma cell t}pe, since, although a few cells having the typical appear- 
ance of plasma cells w^eie seen wuth eccentric peripheral^ chromatinized 
nuclei, the majority of the nuclei w'ere more pale, ^eslcular and placed 
s} mmetncally M'allgren and Christian stated that the m 3 eloma cell 
IS a transitional form not to be classified as either a plasma cell or a 
m 3 eloc 3 l;e The cellular zones of the tumor in our case, which m the 
aggregate, composed fiom 90 to 95 per cent of the growth had as a 
sti iking feature a moderate admixture of tumor giant cells a char- 
acteristic frequenth shared alike b\ osteogenic sarcomas and mielomas 

28 ciiristi-in H \ 'Multiple M\clorm A. Histological Comparison of Si\ 
Ca'-es T Exper Mtd 9 325 1907 



924 


ARCHIVES OF SURGERY 


The usual cellulai osteogenic saicoma is said to demonstiate a gieatei 
prominence of the spindle-shaped tunioi ceil rather than the retiiing 
idle that this type of cell played in this instance On furthei seaich 
through moie sections, a not inconspicuous fibrous and collagenous 
stroma was found, which in places was iiiegularly calcified, apparentl) 
arising as a product of cells morphologically similar to cells found m the 
purely cellular parts of the growth This fact would tend to influence 
an assumption that the progenitois of osteoblasts had a idle m the 
piohferation of this tumor In sections of typical myeloma, no such 
intercellular substance is seen These obseivations pio\e the thesis that 
a single biopsy specimen or a single micioscopic sample of a malignant 
pi unary tumor of bone may be misleading The micioscopic analysis of 
a tumoi of the bone is nevei complete until a composite ot microscopic 
observations is syntheswed into a single desciiption 

The evidence (fig I A and B) that a benign C 3 ^stic lesion of the 
humeius was present piior to the onset of the tumoi we believe to be 
definite It is impossible to estimate accurately the actual duration of 
this condition, but, using symptoms of pain as an index, we beheie that 
it must have been present for at least one year pnoi to the fiist fiactuie 
In the loentgenogram (fig IB), taken at the time of the second fiac- 
true, evidence is present m the slightl}' ciicumsciibed elevation of the 
peiiosteum that is not inconsistent with the piesence of a malignant 
tumoi Thus the results of biopsy at this time were piobably misleading 
as b} chance bone was taken that was not in contiguity with the suspi- 
cious raised peiiosteal zone Micioscopic pieparations made fioni this 
material showed no definite alteiations that would predict the condition 
soon to be obMOusly present Howevei, caitilage was seen m these 
sections (fig 2) The lelationship of this caitilage to the subsequent 
almost pureh cellulai tumor is not clear We believe that the definite 
change m the patient’s s\mptoms which followed a few davs after the 
third pathologic fiactuie is significant This was the symptomatic onset 
ot sarcoma The roentgenogram (fig 3) taken during the following 
week showed unquestionabW that a malignant tumoi was present The 
actual onset of this condition we would place a few weeks prior to the 
second pathologic fracture If reasoning on this evidence is valid, 
sarcoma was present about three months before enough clinical and 
1 oentgenologic data Mere adduced to demonstiate this fact conclusively 

sun MARI 

On the positne evidence of bom periosteal lipping and the presence 
ot a significant although small amount of stroma that could haie been 
produced b} potential osteoblasts the diagnosis of an osteohtic miclo- 
genous sarcoma is based 1 he age of the patient and the location in the 
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distal metaphysis of the humerus aie rare qualities associated with this 
t3qDe of neoplasm The majority of micioscopic fields of sections of this 
tumor demonstrate a pictuie not inconsistent with myeloma, thus illus- 
tiatmg the deceptiveness of an incomplete histologic study of a malignant 
tumor of bone We consider our case as an instance of a malignant 
neoplasm complicating cj'^stic disease of the bone 
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In pievious publications,^ we have called attention to the hjpei- 
plasia, desquamation and loss ot colloid that occui in the thyroid gland 
dining the couise ot systemic infections and toxemias This tiiad ot 
changes m the thyioid gland seems cleaily to be due to a demand foi 
excessive function of the thyroid cells as a lesult of chemical oi phvsio- 
logic stimulation It is secondaiy'- rathei than piimary, since the cellulai 
changes obtained were bi ought about without any possibility of a diiect 
local action of the bacteiia on the thyioid cells This explanation also 
adequatelv accounts foi the loss of colloid and iodine in the gland It 
It is assumed that the piocess is best explained on a chemical basis, one’s 
attention is ofthand directed toward the by-pioducts of piotein catabo- 
lism, since so many of them aie known to be toxic, and because manv of 
the bacteiial toxins themselves are piotems 

Vaughan - held that the proteins of bacteiia aie best classified as 
nucleoprotems He stated further that "all tiue pioteins contain a 
poisonous group,” and that this is libeiated i\hen the protein molecule 
IS stiipped When faced with the fact that the splitting of proteins be 
enzemes or other chemical means may'^ involve the libeiation of vast 
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numbeis of poisonous gioups, we maivel at the manner in which the 
human body combats them and prevents their absoiption Some of 
these poisons need not be present in veiy laige amounts to pioduce 
symptoms A statement made by Kendall “ seems significant in this 
lespect, VIZ “The aiomatic amines pioduced fiom the ammo-acids — 
t) I amine, phenylethylamme, beta-imidazolethylamine and mdoletlnl- 
amine — aie physiologically active, even in ver)' small amounts ” We 
were also encouiaged to investigate the by-products of piotem catabo- 
lism, because the organisms that pioduced the most changes in the th}- 
roid gland belonged to the gioup inhabiting the intestinal tiact and 
possessing pioteolytic and putrefactive qualities It should be noted, 
also, that piactically all the pioducts of piotem catabolism may be pio- 
duced in the body by the enzymatic action of the secietions of the vaii- 
ous oigans on the proteins of bacteiia oi of the body tissues Foi this 
leason, we have investigated the effect on the thyioid gland of the 
administiation of some of the products of nucleopiotein catabolism Of 
the constituents of nucleopi otems, the pm me bases w’^eie chosen foi 
expel imental pin poses because they seemed, perhaps, to offei the gieat- 
est possibility of toxicity to the thyioid gland Furtheimoie, the puime 
bases (adenine and guanine) are much moie leadily detached fiom the 
nucleopiotein molecule than the pyiimidme bases (cytosine and th}- 
mine) How'cvei, the exact derivative lesponsible for any toxic effect 
that might be pioduced by the pin me bases wmuld be difficult to detei- 
mine, because, as Jones * lemarked, “In the oigamsm the purine gioups 
of nucleic acid readily undeigo deaminization with the final foimation 
of the oxypmines, xanthine and hypoxanthine, and this is the case 
wdiethei the nucleic acid oiiginates from the food, from metabolism of 
the cell nucleus oi from the bodies of dead leucocytes ” 

Theie can be no doubt that a close lelationship exists betw'een the 
iliMOid secretion and the catabolism of proteins Mathews’^ stated 
“The gieat and predominant factoi in the catabolism of piotem is the 
mteinal secietion of the thyioid gland, thiioxm This holds tow aid 
piotem metabolism a position somew'hat similar to that held bi insulin 
m caibohvdiate metabolism Thjioxm hastens the oxidation of pro- 
tein, and peihaps of othei mateiials as well ” 

Histamine w'as the fiist chemical that we used m attempting to pro- 
duce pathologic changes m the thiuoid gland, since it is known to be 
foimed m the bod\ as a piodiict of protein catabolism Since the th\- 

3 Kendall, A. I Bactcnolopr\ Philadtlplna, Lea K Fcbicicr, 1928 

4 Tones \\ alter Xncleic \cids \e\\ '3 ork I-onyinan'; Grctn A Compain 

1914 

5 MatlKws V P Pin sioioeical Clieini'tr\ \’t\\ "3 ork 33 illnni 33<'oi K 
Coinpain 1923 
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loid gland of the dog seems moie susceptible to changes than that of 
other animals, we used dogs, for the most pait, thioughout We found 
a definite desquamation with loss of colloid and beginning hypeiplasia 
in the thyioid gland in two dogs in spite of the fact that the dosage 
given ovei the period of thiee days was insufficient to produce toxic 
symptoms of maiked significance (fig 1) 

Howevei, mindful of the possibility that the pioducts of catabolism 
of nucleopioteins might be involved m the pioduction of the changes in 



Fig l—Tliis section represents the thyroid gland of a dog which had leccncd 
133 mg of histamine subcutaneouslj , divided into four daily doses The amma 
exhibited signs of toxicity and was killed on the day following the last ose o 
histamine The section vas removed immediately after death A loss o co oi , 
with desquamation of tlnroid cells, and early hjperplasia can be made out 
small section of the thjroid gland was removed before administration o le 
histamine, and the gland was found to be normal in appearance 


the tlnroid gland following sjstemic infections, we chose to in\estigate 
the purine bases and their dernatnes The purine bases themse \es are 
expensne and difficult to obtain With a small amount of xanthme 
(2-6 dioxN purine) aaailable an injection was made into one amm. 
(dog) A definite desquamation of epithelial cells and loss o c 
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with beginning h 3 ^perplasia were found e^en though the dose was insuf- 
ficient to pioduce S}mptoms (fig 2) On one occasion, Ave adminis- 
tered guanine, orall)’-, but found no changes in the th}ioid gland of the 
animal Avhen it Avas examined post mortem a day oi so later The fact 
that the guanine AA^as giA^en b} mouth and the xanthine mti aA’^enousl} 
ma) explain the impotency of the guanine Although xanthine is not 
a direct component of the nucleic acids both h}poxanthine and xanth- 
ine as pieAnoush’’ stated, aie foimed in the bocty cluiing the catabolism 



Fig 2 — This section is from an annml that receuecl 1 Gm of xanthine (.with 
the addition of a small amount of alkali to increase the solubilit\ ) mtra\enousK 
m duided doses o\er a period of three daAS Xo toxic SMnptoms A\ere noted, but 
the animal was killed on the dai after the last dose was gnen, and a section of 
the tlnroid gland was remo\ed immediateh after death Note the loss of colloid 
the decrease in size of acini and the desquamation ot acinous cells with earh 
Inperplasia It is significant that these changes were most pronounced at the 
penpheri of the gland whereas the central part reiealcd little change \ small 
piece of the tlnroid gland was remo\ed betore administration of the xanthine, 
and the gland was found to be normal m appearance 

of nucleic acids In Indrohsis of adenine and guanine rcspcctneh 
HApoxantlnne is readili oxidized in the liodi to xanthine Ba further 
oxidation in the presence oi xanthinoxidase an enz\me that is present 
in the Inimaii I)od\ onl\ in the Iner the xanthine ma\ he coinerted into 
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line acid To the piesent time we have been unable to produce any 
changes m the th}ioid glands of dogs by administiation of unc acid 
even m such huge doses as fiom 1 to 3 Gm pei kilogram Since 
xanthine and some of its methylated denvatives (see following paia- 
giaph), when admmisteied to animals do pioduce changes m the th}ioid 
gland, It would appeal that the inteimediarv pioducts of the catabolism 
ot pioteins especially the nucleoprotems, may be lesponsible foi some 
or all of the deleterious effects observed 



Fig 3 — Ihis section of thjroid gland was removed from an animal which 
died twentj-four hours after ingestion of 015 Gm of caffeine per kilogram of 
bodj weight A section remo\ed a few dajs preiioush was normal in appearance 
This illustrates how' rapidlj the colloid maj be depleted and other changes, includ- 
ing desquamation and earlj hcperplasia, take place 


The metlnlated dernatnes, caffeine (1-3-7 trimetlnl-xanthine), 
theophilhne (1-3 dimetlrs l-xanthine) and theobromine (3-7 dimetln)- 
xanthine) i\ere used \\'hen gnen to the point ot toxicit), each pro- 
duced desquamation, loss of colloid and beginning luperplasia ot the 
thiroid gland in dogs in practical!} eieri instance (figs 3. 4, 5 and 7) 
Occasionalh, the Inpeiplasia was so marked that the sections could 
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scaicely be differentiated fiom those seen in exophthalmic goitei of 
human beings 

In 1917, Means, Aub and DuBois ® observed that when caffeine was 
administered to human beings in doses varying between 0 5 and 0 65 
Gm , there was a constant rise m the basal metabolic rate var}ung 
between 7 and 23 pei cent The tendency foi the methylated puimes 
(including caffeine) to i^ioduce hyperi^lastic changes m the thyioid 
gland, as we have noted may possibly explain this rise in the basal 



Fig 4 — Section from a normal th\roi(l gland of a dog prerious to experi- 
mentation Note large acini (see fig 5) 


metabolic rate as a stimulatne action ot the caffeine on the tharoid gland 
and allied oigans Further support is lent to tins theory bt the remarks 
ot Ciilc ■ who has been a stiong adaocate ot the theora that practical]} 
all the ‘ stepping up processes obseiaed in the human being are expres- 
sions ot hapeithaioidism 

6 Means 1 H -^nb T C and DuBois E F Clinical Colonmctra The 
ElTcct of Caffeine on the Heat Production \rcli Int Med 19 832 (Maa) 1917 

7 Criic G \\ Tin roidectoma Indications Methods Complications and 
End Results Lecture delncrcd he tore the St Loins Clinics St Loins June ^0 
I') to 
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Since the three methylated pm me bases (caffeine, theophjlhne and 
theobromine) produce such sti iking changes in the thyioid gland,® when 
given to dogs in toxic doses, the possibility suggests itself that theie may 
be other methylated compounds of similar nature in the organism, occui- 
ring in excess oi abnormally dm mg the destruction of protein Although 
the better known of the methylpurines found m the human mine 



Fig 5 — Section from the same thyroid gland as shown in figure 4, but remoied 
from the dog following death caused b\ ingestion of 035 Gm of theoplnlline 
per kilogram of bod 3 ' weight fortj hours pre\iousl} Hyperplasia is the most 
prominent feature seen, although desquamation with decrease in size of the acini 
IS present 


8 E^en when confronted b\ the fact that the metlnlpunnes will produce 
Inperphsia of the th^rold cells in dogs, we wish to emphasize that one cannot 
assume bj analoga that the ingestion of meth\]ated purine bases m be\eiaccs as 
consumed b\ human beings would ha\c an\ influence on the production of Inpcr- 
plasia in the th^rold gland In the first place, if a relationship between metinl 
purines and Inperplasia of the tlwroid gland exists m the human bodi, tie 
offending chemicals would most likeh be present as b\ -products of the destruction 
ot protein Moreorer, the amount of meth\ Ipurines ingested in be\cragcs wou( 
not be sufficient to exert am effect on the th^roId gland ii the sca’e ot oO' -c 
and effect m animals would appK to human beings 
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(Krugei and Salomon'-') piobabl)' have then clenvation fiom ingested 
meth}dpinines, such as cafteme, etc , the fact still lemams that the human 
body is able to methylate ceitain compounds and does so noimally In 
suppoit of this statement such methylated compounds as cieatine 
cieatinme, choline, epmephime and neuiine aie found in the human 
bod}^ Choline itself is present in the thyroid gland 



Fig 6 — IIk appearance of the thjroid gland of a dog se\eral dajs pre\ious 
to experimentation See figure 7 

A laige numbei ot chemical compounds (ninet\) were studied with 
legal d to then effect on the dog s tin roid gland Of this group, caffeine 
theoph\lline and theobiomine weie lound to exert the greatest effect 
especialh of the In pei plastic t\pe on the animars tlnioid gland A 
laigei gioup (ele\en). including xanthine guanine p\ridme quinidine 
hibtaniinc etc nere lound to produce changes ot a milder character 
(Our attention was directed to quinine In Dr Leon Bromberg ) The 
le-^t of the drugs ined produced no effect on the tlnroid gland eien 

9 Kriwcr and Salomon G Die -Mloxurbiccn d(.= H irm; Ztschr i 
pluMol Clum 2G 3^0 1S9S 
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when given in lethal doses It should ?3e emphasized here that few drugs 
would produce inaiked changes unless given in toxic doses ^Ve 
attempted to give all drugs m sublethal oi lethal doses It seems sig- 
nificant that piacticall}^ none of a laige senes of inoigamc drugs used 
produced aiw changes in the th}roid gland For example, a dog neigh- 
ing 10 Kg was given 1 Gm of copper sulphate oially per da\ for 
three days The dog died on the day following the last dose The livei 



Fig 7 — Section of the same th^rold gland as shown in figure 6, after tin. 
administration of 0 3 Gm of theophjihne per kilogram of bodv eight on out 
da>, followed bj a dose of 0 6 Gm of theophtliine the following dai This section 
was taken after death, which occurred about thirt\-fi\e hours after the first dost 
Note the extreme grade of hiperplasia produced bj the drug Howe\cr, such a 
se\ere grade of h\perplasia is produced onh occasionalK 

and kidnets retealed massne destruction of cells ^\lth hemorrhage., 
e\ ert w here but the tht roid gland appeared normal 

On numerous occasions sections were remo%ed from the tlnron 
gland of a dog under ether anesthesia and another biops\ was performer 
from one to four dats later to determine whether or not the anesthesia 
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and the operation pioduced anj changes in the thyroid gland No 
change was observed except in one instance in which a loss of colloid 
with mild desquamation was noted in the th3ioid gland ot a dog in 
which a second biopsy followed the first by an interval of only one day 
On the basis of this experiment, we now allow an inteival of from three 
to four days to elapse after biopsy befoie experimentation All animals 
vith infected wounds lollowmg biojisy weie discarded 

SUMMARY 

In attempting to explain the effect (h) perplasia, desquamation, loss 
of colloid and iodine content) of ceitam infections and toxemias on the 
thyroid gland, which we and others have observed, we encountered cer- 
tain noteworthy facts The methylpui mes — caffeine, theophjllme and 
theobromine — on ceitam occasions produce a hyperplasia of the thynoid 
cells which is almost indistinguishable from the hypeiplasia seen in the 
toxic goiters of human beings We feel that since these diugs are so 
similar to the products of piotein catabolism (especially those of nucleo- 
piotems) the effect may be dependent on toxic b} -products foimed dur- 
ing the destiuction of protein It must be admitted and emphazised that 
the results obtained fiom the administration of most of the other drugs 
used m this series are subject to coriection since mam of the drugs 
were used on only one or two occasions We do feel, however that the 
production of a marked degree of h} perplasia following the administra- 
tion of certain drugs is significant, even though it does not occur m evei}" 
instance As a whole, inorganic drugs apparently do not produce mam 
changes in the thyroid gland in animals, even after the administration 
of fatal doses The results obtained in this repoit are preliminary 
Fuither investigation is being done on the effects of drugs especiallv 
of the by-products of destiuction of piotein, on the thvioid gland in 
animals 



THE FUNCTIONAL DISTURBANCES CAUSED BY THE 
INCONSTANT BONES AND SESAMOIDS 
OF THE FOOT “ 

M S BURMAN, j\I D 

AIsD 

PAUL W LAPIDUS, M D 

A n\V 'll ORK 

jMuch matenal has accumulated on the anatomic and loentgenologic 
aspects ot the inconstant bones and sesamoids of the foot The works 
ot Pfitznei, Giubei, Bardeleben, and Dwight aie classic Much less, 
howerei, has been said on the abilit} of these bones to cause functional 
deiangements of the foot 

Ye ha^e been impiessed, both fiom a study ot the liteiatuie and 
tiom GUI expel lence m the foot clinic of the Hospital foi Joint Diseases, 
Mith the fiequency of these bones, and with the uncommonness of 
functional disturbances associated with these little bones Many of these 
ossicles, fiom then unpiotected position, aie exposed to trauma Most 
ma} be liable to any disease piocess that may attect any othei bone, 
also, they may disturb the statics and dynamics of the foot In our 
seiies — an anal} sis of 1,000 roentgenogiams of the foot, with a study 
ot 336 available histones of the 596 i^atients in the series — ^we have 
stiessed the ability of these bones to pioduce functional distiu bailees 
of the foot \Ve have avoided am detailed anatomic, anthiopologic 
and physiologic discussion, except so fai as the} aftect our undei stand- 
ing ot the situation 

The inconstant bones and sesamoids consideied aie os tiigonum 
accessoi a scaphoid oi os tibiale externum , os peroneum , st} loid 
epiph\sis and os ^esahanuin os mtermetatarseum , calcaneus secundarius 
(and calcaneonavicular tusion) , os supranaviculare , secondan astra- 
galus os paraciinei forme , os subtibiale bipaitite internal cuneiform, 
bipaitite cuboid, os propnum sustentaculi, cuboides secundarius, os unci 
constant sesamoids of the great toe, and inconstant sesamoids ot tlie 
othei toes 

These ossicles are otten called accessori bones YT think that the 
tenn inconstant bones is more appropriate since almost CAcr} one ot 

•■■■ Submitted for pubhcation Jiib 5 1930 

■^From tbe Hospital for Joint Diseases Ser\icc ot Dr Leo Ma\er 
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these bones has a sepaiate cartilaginous centei, piefoimed in the human 
embryo as earl} as the second or thud month of fetal life, as proved by 
Bardeleben and otheis Many of these ossicles are constant skeletal 
paits of the feet of lower mammalia The majority of authois agiee 
that these bones aie to be consideied as ludimentaiy elements inherited 
fiom the lowei animals and piesent onl} m a moie oi less limited 
numbei of human feet 



Fig 1 — Diagrammatic ground plan of the inconstant bones and sesamoids of 
the foot 1, os trigonum , 2, accessor\^ scaphoid , 3, os peroneum , 4, str loid 
cjiiphysis and location of the disputed os vesahanum , 5, os mtermetatarseum , 6 
calcaneus secundarius , 7 os supranai iculare (seen laterally best), 8, secondar^ 
astragalus (seen best on lateral view), 9, os paracuneiforme , 10, os inteicunei- 
foime (not described m text, since it can not be seen b} roentgen examination and 
has no practical importance) , 11, cuboides secundarius, 12, os unci, 13, constant 
sesamoids of the great toe, 14, interphalangeal sesamoid of the great toe, 15, 
interphalangeal sesamoid of the second toe, 16, 17, IS and 19, inconstant sesamoids 
of the other toes The shading of the terminal phalanges of the fifth toe repre- 
sents the not uncommon fusion of the middle and terminal phalanx into one solid 
piece 
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THE OS TRIGONUM 

The noimal postenoi external tubercle of the astiagalus is small 
In oui stud}, and in accordance with the concept of inaii}^ authois 
(Gra}, Dwight, Holland, and otheis), we have considered any enlaige- 
ment oi elongation of the postenor exteinal tubercle due to fusion of the 
os tiigonum with the small postenoi external tubercle Gray wrote 
“This piocess (postenoi external tubeicle) is sometimes separated from 
the lest of the talus and is then known as the os trigonum ” It is not 

Table 1 — Geiicial Statistics With Relative Fi cquency of Occiu i cnce of the 

Diffcioit Inconstant Bones 


Total Amiiber 

PiOonts wo 

Histones oNammed STG 

Roentgcnograins of feet 1 000 

Roentgenograms of feet slionmg m •iC'’essor\ hone or sesamoid anomah 710 

Acgati\e feet 2&4 

411 ago groups represented 

Rocntgenognnns 

Os trigonum noted in 493 

Accessory scaphoid noted in 200 

Os peroneum noted in 145 

Sta loid epipln sis of the fifth metatarsal noted in 43 of 

(There nero 92 patients between 9 and 15 years of age, rcprescntint a total 24 patients 
incidence of this epiphisis of 201 per cent) 


Calcaneus sccundarius noted once 
Os suprananculare noted in 2 roentgenograms 
Sccondarj astragalus noted in 2 roentgenograms 
Os paratuneiformo noted in 1 case, bilaterallj present 
Os intermetatarseum noted tnnes 

\ combination of the os trigonum and the accessory scaphoid wa« noted 103 times of the os 
trigonum and the os peroneum 35 times 

V combination of the accessori scaphoid and the os peroneum was noted 23 times V combiiin 
tioii of the os trigonum, iceessary seaphoid, and os peroneum was noted in 40 cases 


unubiial for this fused os trigonum to form a large, thick blunt process 
projecting posteriorly and possibly even abutting against the postenor 
iim of the tibia Gallois and Japiot noted the postenor apophjsis as 
trom 10 to 14 mm long in about 50 per cent of their cases, Mouchet 
and Be} noted a large posterior process m 38 per cent, Pfitzner m 
14 3 pei cent 

The secluded position of the os trigonum shelters it from trauma 
It IS for this reason that the bone has so little functional significance 
Fracture of the free os trigonum is rare and seems to be almost impossi- 
ble The smaller the bone the moie difficult will it be to fracture it 
Scherliess noted that m flatfoot the inwardly displaced astragalar head 
ma} render a fused or free os trigonum, projecting outwarclh, more 
exposed to injun A stud} of the literature reieals an old furore oier 
the so-called Shepherd’s fracture Shepherd himself, later realmcd that 
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his jDosteiioi fiacture of the astragalus was only the free os tngonum 
Expel imentall}^ he was unable to duplicate this fracture Cloquet and 
H}itl had made the same mistake many years befoie Shepherd The 
work of Bardeleben and otheis established the os tngonum definitely 
as an inconstant bone More lecentl), several observers, notably Patel 
and Bertrand, and Mouchet and Bey, have again brought up the possi- 
bility of Shepherd’s fractuie Aftei reading their articles, it is evi- 
dent that they are impressed with the difficulty of diagnosing fiactuie 
tiom the os tngonum 

Menard has emphasized the fact that the appearance of the os 
tngonum, fused or free, is symmetncal This is not necessarily true 
and the general consensus denies Menard’s views It is not so uncom- 
mon to find the os tngonum free on one side and fused on the other 
Bilateral fusion of the os tngonum is by far the most common obser- 
vation The consideration of symmetrical bilateraht}'-, then, is not an 

Table 2 — Analvsis of the Os Tugomtin 


Os tngonum, fused or free, noted 493 times 

Os tngonum noted free m 64 cases 

Os tngonum bilaterally free in 14 cases 

Os tngonum unilateralli free, other side not Lnonn, in 27 feet 

Os tngonum free one side and fused on the other side in 9 cases 

Os tngonum bilaterally fused in 102 cases 

Os tngonum unilateral!} fused, other side not known, in 115 feet 


In a few cases, arthritic changes were seen in the os trigonum, other 
wise, no changes of functional importance were obseraed 


impoitant point m the determination of fracture of the os tngonum 
Howeier, it is always best to have roentgenograms made of both feet 
tor comjiarison It should also be remembered that the os tngonum 
may larely be bipartite or show a partial splitting We have seen one 
such case Pirazzoh, m a recent article, wiongly considered a partial 
splitting of the os tngonum as fiacture Some attention also has been 
given to the line of articulation between the os tngonum and the 
astiagalus It is usually smooth and clear, but occasional irregularities 
are observed, much as in the line of articulation lietween the accessory 
scaphoid and the scaphoid Serration of the articular edge or frag- 
ment edges, with displacement of the fragment or fragments, may take 
place 111 fracture of the os tngonum Pam about the posterior aspect 
of the ankle, on either inner or the outer side, may be due to man^ 
diflerent lesions, and the coincidental presence of the free os tngonum 
need not be considered fact enough for the diagnosis of fracture 
Bizario noted a fracture of the os tngonum due to a rifle bullet 

On the other hand it is much more possible to find fracture of a 
laige posterior process the detached fragment simulating a free os 
tngonum A. foiced plantar flexion of the toot with the large posterior 




940 


ARCHIVES OF SURGERY 


process impinging- against the posterioi bolder of the tibia may fiac- 
ture both the piocess and the posterior iim of the tibia Forced 
dorsiflexion of the foot, with torsion of the posterior talofibulai liga- 
ment (which inserts partially on the free or fused os tiigonum) ma) 
detach a fiagment There may often be an associated fractuie of the 




Fig 2 — Beginning nucleus ot obsihcation in the os trigoiuim, in the foot ot "i 
child, about 8 jears old In this and the loilowing illustrations the abbrei lations 
are as follows Ca os calcis, T, os talus, A, os astragalus, S, os scaphou , 
f , fibula, Cu , os cuboid, C / , os cuneiform 1, C II os cuneiform II, C / 
os cuneiform III Ti , tibia 

OS calcis or ot the astragalus with jamming ot the process onto tlie 
os calcis We recenth saw a roentgenogram in which was shown^^a 
crush fracture of the os calcis with jamming downward of tiie large 
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f>ostenoi piocess of the astragalus onto the os calcis The process, 
howerei, was not fractuiecl Baastrup recently described several cases 
in which the posteiioi processes were enormous, long and large enough 
even to block noimal plantai flexion Eiken mentioned seventeen 
undoubted and six doubted fractures of the postenor piocess, in con- 
junction with fracture of the os calcis In only one case was theie 
an isolated fiacture of the process Lihenfeld noted that infraction of 
the posteiioi piocess is not so uncommon, both in his experience and 
111 the liteiatuie Dwight mentioned the fact that a loosely attached 
os tiigonum might be pulled oft by spiain of the attached ligament It 
IS doubtful whethei the cases of Scheiliess, Van Assen, Ebbinhaus and 
Vollbiecht aie true fiactuies, the assumed fiagment looking much like 
the os trigonum 

Chnicall} , it is noticed that the foot is held m the equinus and 
sometimes in the valgus position Theie is definite tenderness about 
the ankle, usually posteriori}^ and mediall} Flexion of the gieat toe 
may be painful, in view of the fact that the flexor hallucis longus lies 
in a grooie, the outei bolder of which is formed by the postenor 
external tubeicle Weight-bearing is painful, and there may be an 
associated limp Pam may be inci eased on dorsiflexion of the foot, 
and ciepitation may be heard There may be present associated frac- 
tuie of the os calcis, the astragalus oi the tibia Theie is, of course a 
definite history of tiauma The loentgenogram shows the detached 
fragment, no longer m the direct axis of the astragalus The fragment 
edges ma} be sei rated Laquerrieie stressed the fact that there must be 
an agi cement between the clinical and loentgenologic signs Treatment 
ma} be conseivative oi operatue A i oentgenogi am taken several weeks 
aftei the ongmal accident should show the piesence of callus, according 
to Nion 

Isolated disease of the os tngonum is raie Ratto and Casanovas 
desciibed a case m which, following a dog bite about the posterior 
aspect of the ankle, two fistulas developed, which dischaiged a sero- 
sangumeous pus A probe passed through the external fistulous open- 
ing stiuck bone — ^the os tngonum — ^and the persistent presence of the 
fistulas was attributed to disease of this bone The os tngonum was 
ieino\ed \Mth subsequent cure of the patient The duration of s}mp- 
toms had been two months It is unfortunate that no microscopic stud\ 
of the lemoved bone was made It is our opinion that this was not 
an osteonwehtis of the os tngonum but an inflammation of the soft 
tissues postenor to the ankle The jireoperatne roentgenograms showed 
the bilateral presence of the os tngonum klouchet and Afoutiei noted 
an osteitis of the os tngonum m a bo\ aged 13^2 No details of the 
ca^e aie gnen \\ t ha\e ne\er seen epiplnsitis of the os trigonum 
The os tngonum de\elopv trom a separate center of ossification pre- 
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formed m caitilage at the second month of fetal life, which tends to 
ossify at about the eighth or ninth year We have seen sei^eral 
roentgenograms of children’s feet with small nubbins of ossification, 
representing the os trigonum Arthritic changes m the os trigonum 
may be seen at times, usually m connection with a subastragaloid 
arthritis Krida removed such a bone lecently that was markedly 
enlarged by irregular osteophytes Pfitzner found one os tiigonum 
which was divided into several irregular pieces, a condition he thought 
pathologic 

Tumor of the os tiigonum has never been lepoited 

THE ACCESSORY SCAPHOID 

It IS only the leiy large accessory scaphoid that usually gives use to 
functional disturbance of the foot The small accessory scaphoid oi 
the accessoi} scaphoid with multiple centers of ossification is lost m the 
soft tissues posteromediall} to the scaphoid and seldom causes tiouble 
The local effects of the large accessoiy scaphoid are due to the piojec- 
tion of this bone, medially or posteromedially Feie and Denker, 
impressed by the marked prominence of this bone, called the condition 
exostosis The shoe may pi ess against this bony piominence, causing 
an area of redness, tenderness to pressuie and sometimes swelling, the 
moie so if the foot is turned m valgus The skin may become thickened 
o\ei the bone, and a protective bursa, which may be the site of an 
inflammator} reaction, may develop No case of suppuiation of this 
buisa has been described Irntation of the tendon sheath of the 
tibiahs posticus tendon is possible, according to Geist Pfitzner has 
well described the vaiiations of the tendon sheath, the tendon of the 
tibialis posticus, the bursa and the ligamentuin calcaneonawculaiis 
vhich may exist in the presence of accessory scaphoids ot vaiying si/e 
Thus tenderness may be piesent over the medial part of the tendon 
and over the medial fibers of the hgamentum calcaneonavicularis both 
of which send fibers to the accessor}^ scaphoid Gaugele noted that a 
periostitis of the accessory scaphoid may develop from the constant 
small traumatizing of the bone This tenderness must be distinguished 
from the not uncommon tenderness over the scaphoid in ueak foot 
One should also note the amount of motion of the accessory scaphoid 
over the scaphoid klanv authors (Bressot, Capette, Elmslie, Rendu 
and Pouzet Sant}, and others) haie reported cases of such tarsalgia 
due to the presence of the accessor\ scaphoid Cure is easih ettected 
In conser^atl^e means though main surgeons haie remo\cd the 
accesson bone 

Fiacture of the tuberosit\ of the scaphoid is raie and the detached 
fragment resembles the accessor\ scaphoid The appearance of fracture 
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Fig 3— The acce^bon ^caphoicls are bilatenlh present in the leet of a voun« 
^\oman about 30 renclerne>s and pain a\crc marked oier the right accessorv 
scaphoid following a sprain The SMiiptonis plus the rocntgcnographic annear 
nice ot the inconstant Iionc strongK suggested a tnetnre of t!ie tuberositi of 
tlic scaphoid llonecer a mcu of the foot taken in an oblique plane uas mnZ 
snggcstuc oi accessori sciphoids This case illustrates the difficulties that on 
nn\ sometimes meet with in difterentiil ehagnosis with fracture 
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may be so striking that one maj be tempted to diagnose the true 
accessory scaphoid as fracture, especialh if theie is a historx ot trauma 
Many observers (Bazert, Horowatz, Haglund, Painter and others) 
ha^ e made such an error The Haglund-Lihenfeld control ers} created 
a situation as interesting as the fight ovei the legitimac} ot Shepherd’s 
iracture Haglund then maintained definite!) that his cases uere cases^ 
of fracture and not of accessory scaphoid Case reports on actual 
fracture of the scaphoidal tuberosit) are rare Nicoletti Lihenfeld, 
Mouchet and Landwehr hai mg seen cases In Landwehr s case there 
uas an associated fracture of the bod) of the scaphoid Ahadie and 
Range noted in their stud) of fractures of the scaphoid that the tuber- 
osit) may be detached A difterential point, aside from the serration of 
the fragment edge or associated fracture of other bones is ln^erslon ot 
the base The accessory scaphoid when triangular has its base 
externall) and its apex mternall) , in fracture of the tuberosit) the 
base of the fragment is said to be internal We have not seen this, 
however It should be remembered that this fracture is uncommon, 
whereas the accessory scaphoid is frequently seen The burden of 
proof is on the observer Fracture of the tuberosity in the presence 
of a large accessor) scaphoid has merer been leported Fairbank men- 
tioned the case of a woman, aged 51, with a definite tarsalgia of about a 
rear’s duration The accessor)^ scaphoid rvas bilaterally present, but he 
thought the right one rvas fractured Bipartite tarsal scaphoid 
(Froelich Pine), fracture of the body of the scaphoid and Kohlers 
disease of the tarsal scaphoid are easil) differentiated 

Isolated disease of the accessory scaphoid has been reported 
Aithritis of the line of articulation betrveen the accessor) scaphoid and 
the scaphoid is not unusual and is manifested roentgenographicallr b) 
a haziness and irregularit) of the joint surface Chnicalh there is 
definite tenderness over this joint rrith possible eridence of other 
arthritis in the foot Dwight noted that there was a tendency of the 
caitilage of the joint to degenerate rrith resulting interlocking of the 
apposing joint surfaces Pam ma) be felt in the natural fusion of 
the accessor) scaphoid to the scaphoid This was noted hr us in 
one case m a )oung adult We hare seen m a Negro, 55 rears of age 
detached iiregularl) round osteoplwtic particles from the scaphoidal 
tuberosit) which resembled the accessor) scajffioid The foot rras 
stionglr aithntic and there rras some resemblance to Charcot’s disease 
In a prerious note rre described the case of a girl aged 8)4 rrho 
Invd an unusual change in the accessorr scaphoid and in the shloid 
ejiiphrsis of the fifth metatarsal which was interpreted as epiphrsitis 
There rras that fluffincss that irregular patchiness of the bone rrhich 
suggested it stronglr There rras complete restitution nine months later 
Fairlnnk sercral )cars bet ore mentioned that he had seen two such 
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cases One of us (L ) has learned of two othei cases at the Hospital 
for Ruptured and Ciippled (service of Dr Peicy W Roberts) In one 
case, the bone was removed, but uiif oi tunatel}^ the specimen was lost 
This condition should not be confused with a postulated and most 
piobably theoietical epiphysitis of the posterior apophysis of the 
^scaphoid, especially when it has a separate center of ossification accoid- 
ing to Fioelich Fairbank, m 1924, also described a condition of the 
accessory scaphoid similai to Kohlei’s disease of the taisal scaphoid 
Theie was noted hagmentation of the bone into two or more pieces, 
with condensation of the fragments He terms this osteochondiitis of 
the accessoiv scaphoid Froelich, m 1913, also noted a similai condi- 
tion Japiot believed that an inflammation of the accessoi} scaphoid 
might gne use to a taisalgia of adolescence The pathologic piocess m 
the aforementioned diseases can only be infeired, since no specimens 
have been available for examination Clinically, the conditions may be 
SMuptomless oi there may be pain and tenderness ovei the accesson^ 
bone Fioelich believed that there might be an osteitis of the accessoiy 
scaphoid due to infection with staphylococci of low virulence, as seen 
m one of his cases Undoubtedly, the staphylococci in his specimen 
were due to secondary contamination Fioelich also believed that the 
presence of the accessoiy scaphoid rendered the midtaisal joints moie 
open to infection This has not been substantiated Poncet’s theoiv of 
fihious tuberculous, and Kirmisson’s theoiy of rheumatic, infection of 
the accessoiy scaphoid hace not been upheld Seveial authois (Beclait 
Iitienne) hace mistaken ledness and tenderness ovei an accesson 
scaphoid in tuberculous children as a tuberculous osteitis of thevscaphoid, 
till a loentgenogiam disclosed the presence of the accessoiy bone, to 
ivhich all sjinptoms ivere due Monahan’s theory that the accesson 
scaphoid is present only in cases of constitutional disease is unwaii anted 
Tumoi of the accessory scaphoid has not been reported 
Fioni the orthopedic standpoint, the major interest in the piesencc 
of the laige accessory scaphoid is m its relation to flat feet One may 
state that the accessory scaphoid may be present in a foot which is flat 
oi not The appearance of flatfoot may be suggested by the dowmward 
and inw'ard projection of the inconstant bone An anahsis of such a 
foot will show that the forefoot and backfoot aie in normal relation 
to each othei Gaugele noted that the presence of a weak foot is onh 
incidental and that the valgus position of the foot onlv exposes tlic 
inconstant bone to more trauma In most of Geist’s cases, a weak foot 
was not piesent, Hohmann noted the opposite Zadek has pointed out 
that the major insertion of the tendon of the tibialis posticus is altered 
in the presence of the large accessor} scaphoid the insertion liciiu: 
mamh on the iindersui face of the scaphoid Together with this it was 
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noted by Kidnei that theie is an inwaid, and possibly an upward, 
displacement of the tendon of the tibialis posticus He then said that 
the alteration of the line of pull of the tendon and the alteration of its 
insertion tend to diminish the effect of the tibialis posticus as a supinator 
of the foot The muscle in contracting must contiact more strongly, 
since it is pulling at an angle, tending to weaken it and theieby dimin- 
ishing its lifting power on the center of the arch of the foot We do 
not believe that the slight inward deviation of the tendon of the tibialis 
posticus b} even the largest of accessory scaphoids (from 1 to 2 cm at 
the most) will result in a foot working at such a mechanical disadvantage 
that flatfoot will result We believe that flatfoot is independent of the 
accessoiy scaphoid as a primal factor in its production and that when 
the two exist together the relationship is incidental and not causal Our 
expel lence substantiates this It has also been noted that theie is some 
limitation of hypei adduction of the foot with pain at the extreme of 
motion This again may be due to secondary arthritic changes or static 
changes, the piesence of the accessory scaphoid being incidental In 
the hj'peradducted position of the foot, there may be a crowding together 
of the soft tissues, between the large accessory scaphoid and the internal 
malleolus Actual contact has not been observed This, then, ma} be 
a factor m the production of pain 

Sitcnko seeks deeper and invokes that constitutional condition caus- 
ing the disturbance in ossification, which delays the ossification of the 
naviculai bone, m the presence of the accessory scaphoid The navicular 
bone then, because of its delayed ossification, wedges itself in between 
the other, faster growing tarsal bones, tliereby tending to flatten the 
aich This statement is wrong, since the foot would go into adduction, 
as seen in congenital clubfoot, in which navicular ossification is delayed 
Also while it IS true that in the scaphoid the nucleus of ossification 
appeals later than m the othei tarsal bones, it must be proved that the 
piesence of the accessory scaphoid will further tend to dela}^ navicular 
ossification In the light of the definite anthiopologic history of the 
accessoiy scaphoid, there is no reason why it should delay navicular 
ossification 

\\ e behe\ e that as a rule the accessor} scaphoid should not be 
lemoNcd There is no longer a tendency to remove the accessory 
scaphoid on sight Undoubtedly, the small and medium-sized accessor}^ 
scaphoids should be let alone , the larger ones especially the long hooked 
ones, ma^ be removed only if there is enough functional disturbance 
to wan ant it In all of our cases conser\ative treatment plnsioil 
thciaj)} proper support for the shoe and exercises hare gu cn good 
rc'^ults All the operations used remor e the accesson scaphoid and part 
of the tuberositr of the scaphoid Sereral supplementarr measures mar 



948 


ARCHIVES OF SURGERY 


be emi^loyed — shoitemng of the tendon of the tibiahs posticus, astiagalo- 
scaphoid arthiodesis and mobilization of the tendon after the method 
of Kidner 

Of the 336 histones examined by us, only 17 mentioned S}mptoms 
refeiable to the presence of the accessoiy scaphoid (206 accessory 
scaphoids repiesented) In no case was the accessory scaphoid removed, 
although in a young girl, a bilateral Miller opeiation was done by Di 
H Fmkelstein In 4 theie was definite pronation of the foot, in all, 
tenderness and pain over the accessory scaphoid weie piesent, in 3, 
there was definite limitation of hyperadduction of the foot while in only 
1 were there bilateral symptoms In 1 case, there was a gouged out 
area in the scaphoid bone, with tenderness and swelling, in the piesence 
of the accessory scaphoid It is questionable whether S3'mptoms should 
be attributed to the accessoi}^ scaphoid The Wassermann reaction was 
negative Age groups represented heie are fiist decade 1, second 
decade, 7 third decade, 3 , fourth decade, 4 One patient was 43 and 
another 53 No attention was paid to sex in its i elation to symptoma- 
tology m the presence of the accessory scaphoid 

THE os PERONEUM 

The os peroneum, wrongly called a sesamoid in the tendon of the 
peioneus longus, has seldom been consideied as a factoi m the pi educ- 
tion of tarsalgia Stiopem, in 1920, reported a case of multipartite os 
peioneum, which he considered as a fiacture Histologic examination of 
the excised bone confiimed the diagnosis His patient was an obese 
woman who fractured the bone m a momentai} strong supination of 
the foot 

The bipartite chaiacter of the os peioneum has been noted often, 
more lecently than in the purel}’^ anatomic eia of Pfitznei and Grubei 
No figuies have been available as to how often the os peioneum is 
diMdea We have noticed division of the bone in 34 cases (bone noticed 
143 times m all), double division, 27 times, triple division 6 times 
and multipartite (4 or more pieces) once Theie is, then, a definite 
tendency toi the os peroneum to split Lihenfeld and Pfitzner comment 
on this as an expression of greater i egression of this inconstant bone 

WT have introduced these prehminari'- remaiks as fundamental lor 
the undei standing of a syndrome Ape seen b) us in four cases These 
patients complain of pain on the outer border of the foot a \anab!e 
distance behind the srtloid process of the fifth metatarsal bone usualb 
definiteh localized in the region of the os peroneum The pam is often 
sharp it ma\ be definiteh localized or may radiate up along the peroneal 
muscles The patient mar be confined to bed in the acute stage 
INIanipulation ot the foot into \arus increases the pam There is no 
icmembeicd histor\ of trauma although the patient nia\ think that he 
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has slipped oi t\\isted the foot in some way Theie is no histoiy of 
lecent infection In two patients, both women, a histoiy of an acute 
onset was given We saw one case m the acute stage The patient had 
a definitely suggestive tenovagmitis of the peroneus longus The other 
patient s history also suggested an old acute tenovagmitis of the peroneus 
longus Following this acute onset, there is a duller pain on the outer 
side of the foot, localized in the region of the os peioneuin the pain 
valuing in intensity and appealing and disappeanng A roentgenogram 
shows that, corresponding to the region of greatest tenderness, there is a 
multipartite os peroneum, the bone being divided into four, five, six or 
more unequal fragments There is no regular line of division between 
these pieces In one instance, we were able to diagnose the presence 
of the multipartite os peroneum from a considei ation of the symptoms 
and signs before the roentgenogram was talcen It is most difficult to 
fracture a small slippeiy bone, partially enclosed in a tendon and pro- 
tected by several layeis of tissue thicknesses Ot course, the original 
presence of multiple centers of ossification may cause a piedisposition 
to do so The natural tendency of the os peroneum to i egress must 
not be ioigotten Stropeni’s theoiy of the production of fracture is 
that the os peroneum is ciushed by a sudden inadvertent supination of 
the foot, the bone being fixed by a contracted peioneus longus It is 
unfortunate that we have not been able to obtain any specimen for 
examination The patients, after receiving stiappmgs and physical 
therapy, impioved somewhat Most of them did not attend the clinic 
long enough to warrant any estimation of end-iesults It ma> be 
noticed that we ha^e hesitated to call this syndrome type fiacture of 
the os peroneum We have not enough data to w^arrant this In two 
other cases, with histones and signs suggesting this syndiome, no os 
peioneum was seen m the roentgenogram 

It is unlikel) that the os peroneum may be confused with fracture 
ot the cuboid or os calcis 

Isolated disease of the os peroneum has not been described Japiot 
beliered that an inflammation of the os peroneum might well gne use 
to a tarsalgia of adolescence Arthntis of the occasional articulation 
between the os peroneum and the cuboid has not been bbsen^ed This 
articulation which is constant m the monke}, according to Gilette is 
alwars rudimentar} in man, according to Pfitzner Schustei saw a case 
m which an unusualh large os peroneum in a foot lacking in adipose 
tissue caused much pain on the outer border of the foot when a tight 
shoe was worn Tumor of the os peroneum as with the other inconstant 
bones has not been reported 

In transplanting the peroneus longus the os peroneum ina\ be 
encountered 
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IHE STYLOID EPIPHYSIS OF THE EIETH METATARSAL AND 
THE OS VESALIANLM 

hethei there is such a bone as the os A^esahaniim is still a moot 
question It is apparent on examining the original drawings of Vesahus 
that he himself precipitated the controveis}^ The dorsal and plantai 
news of the adult foot he presents aie appaientl}’^ of difterent feet 
The doisal new is a drawing of an undoubted os peroneum , the plantai 
view lepresents a small bone just behind the stjdoid process ot the 
fifth metataisal This may be a forwardly placed os peroneum 

At any late, the styloid epiphysis of the fifth metatarsal is not the 
os vesahanum It is a definite accessory epiphysis (Giubei Isehn, 
Kirchner) present m children between the ages of 9 and 16 Schouuey, 
continuing the uork of Isehn, noted this epiph)^sis as constant between 
the ages of 13 and 14, fusion taking place at about the age of 16 
Delajed appearance may occui in those who are ill Giuber noted 
this epiph}sis 18 times m 124 fifth metatarsal bones which shoued an 
epiphyseal line Lambert Rogers noted this epiphysis m 28 7 per cent , 
m our senes it was present m 26 1 pei cent of cases Fusion is definite, 
and we saw no case m a person over 15 oi 16 years of age 

Diseases of this epiphysis are lare In some children, we haie 
noticed ledness and tenderness ovei the styloid process of the fifth 
metataisal, m wdiich the stjloid epiplwsis on roentgen examination was 
noimal It is possible that this condition may be due to a tight shoe 
piessmg on a piomment styloid process Isehn has described a definite 
epiphysitis of this epiphysis Our reported case showed a lesion of the 
styloid epiphyses liilaterall) together with a similar lesion of the acces- 
soiy scaphoids There w^ere no symptoms Roentgenologically, the 
st\loid epiphyses w’^ere enlarged and show'ed fluffiness, irregular areas of 
density alternating woth lighter areas There w'as a definite tendencv 
tow^aid restitution though this was not complete at the end of nine 
months 

The os lesaliaiium is a bony stiuctme the existence of which it is 
nccessai\ to prove with e\er\ case report Am accessori hone must 
olie\ the postulates of Thilenius — that it is followed in the animal series 
that It is present in the fetus and that it is connected h\ h\ahne cartilage 
with its supporting bone Little anthropologic work has Iieen done on 
the os vcsalianum It is supposedh the ataMstic remains of a fifth distal 
taisal bone such as that seen in the pnmitne reptile Spheu odoii, m 
Pi ocianosauna in Didclph\^ and in Uiodcla It is aLo found m the 
tortoise Spionck noted the os %csalianum formed in cartilage in a new- 
born child with pohdacteha and other congenital deformities Tins 
ma\ possibh ha\c licen the distal tarsal element in tiie se\enth ra\, 
aceordiiig to the rax thcorx of the dexelojiment ol tlie extremities 
(Dtliieire Piaidelehen Mlireeht Bien I One oi Laquernere - cases 
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showed a large, well foimecl, bony element on the outer side of the foot, 
distinctly lesemblmg a tarsal element Despite the fact that he calls it 
the os resahanum, this too may be consideied as a vestige of the seventh 
la} The cases of Baastiup with the possible exception of one, show 
large boii} elements, not m the least resembling the classic conception 
of the vesahanum They aie undoubtedly the large tuberosity of the 
fitth metataisal bone partially detached, and probabl} may be a fiacture 
of the tubeiosity of the bone, since many of his cases liave a histori 
of tiauma Holland thinks that these aie the sepaiate tubeiosity of the 
fifth metatarsal bone der eloping fiom a sepaiate centei of ossification 
and peisistmg thioughout adult life It is noted that the condition may 
be bilateial He includes these boii}'^ elements in his second class of 
vesalian bone the first being the styloid epiphysis and the third the 
classic t) pe of os vesahanum 

An analysis of each supposed case of os resalianum lepoited is not 
uithm the scope of tins paper Suffice it to say that cases have been 
published by Gelinsk}' (one) Davis (one and probably the stjloid 
epiphysis), Hasselwandei, Froelich (two) Mouchet and Moutiei (five). 
Metzgei (one), Fischei (two). Tohansson (one). Laqueiriere and 
Dre\on (one), Holland (one), Mauclaire (one) and Gruber (three 
questionable ones) Hallei Diemerbioeck Kulmus and Bartholmus 
mentioned the os vesahanum m the seventeenth and eighteenth centimes 
Johansson noted that m his case the os peioneum was also present To 
settle definitely the i elation of this mooted bone to the st}loid piocess 
and to the culioid, loentgenogiams m seveial planes — anteroposterioi . 
lateial and seieial oblique — should be taken Our impression from a 
stud} of the liteiatuie is that there is no bone that can be called os 
lesahanum The so-called os vesahanum is eithei a forwardly placed 
os peioneum oi a remainder of a seienth lay 

All} practical importance attaching to the os vesahanum if it exists, 
lies not so much in its laiity as in distinguishing it from fracture of 
the tubeiosit} of the fifth metatarsal bone Such fracture is not unusual, 
and the tendenc} is to call this fracture the os vesahanum lather than 
the comerse A histori of trauma the signs and symptoms piesent and 
a 1 oentgenogi am of both feet should help matenall} m making the 
diagnosis It is safei to eri on the side of fractuie It should also be 
lemembeied that the existence of the os lesalianiim is still disputed and 
altogether denied by us 

The appearance of the os Aesahanum ma\ also be duplicated In a 
foiwardh placed os peroneum 

os IXTERAfCTAT VRSEL M 

The os intcrmetatarseum is said to be the base of the ataiistic first 
rai accoiding to Lunghetti Dnight Pfit/ner and Volkoi Its location 
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between the bases of the first and second inetatai sais mav make it 
difficult to be seen A doi sally placed os inteimetataiseum may be seen 
on lateral view It should not be mistaken for an arthiitic exostosis 
or a calcification in a digital vessel 

Functionally, the os inteimetataiseum is lelatuely unimpoitant We 
ha^e seen foui cases in which it foimed a doisal and painful piominence, 
lesembling an exostosis of the fiist cuneifoim bone In two of these 
cases, we were able to diagnose the piesence of the hone hefoie loent- 
genogiams were taken Young noted that the os intei metatarseum may 
he a factoi in the pioduction of a congenital hallux valgus Schustei 



] )g 6 — Os iiiternictatai beiini (ic(oiichcd) <(ik1 a large atccssorv scaphoid 

said the same thing and uclicved that it niai cause iiici cased adduction 
ot the hist mctataisal i\ith secoudaii abduction of the big toe We 
liai c not noticed this 

This inconstant hone ma\ ]iossihl\ intcifcie in the opciation of 
disaiticiilation of the tai sal-nictatai sal joint 

CMCANTLS SICIMIARILS \XD C \I C \ M ON WJCl L \K ILSIQN 

The calcaneus sccuiidarius becomes impoitaiit in distuihmg the 
st Uics ot the foot onh vheii fused either h\ filirous or hoin union 
to both the naMculai and the calcaneus — calcanconaMeul ir lusioii \s 
a elinical and pathologic entiti this was brought forth In Slomann in 
IWl Pht/ncr ^ticda I loll Sutton Hamant Pronto Diijarier 




954 


ARCHIVES or SURGERY 


Morestin Zuckerkandl, Webei, Giuber and otheis had noticed the 
fusion in anatomic material The mannei of fusion, according ro 
Pfitznei, occurred through the mtei mediation of the calcaneus secun- 
daiius, the quadrangulai bone m the quadi angular space between the 
os calcis scaphoid, cuboid and the astragalus The calcaneus secun- 
danus has been confused with two other bones, neither of which it is — 
the cuboides secundanus and a small none, also called calcaneus secun- 
daiius by Dwight, at the fiont of the sustentaculum tali We have not 
paid attention to the long anteiior apophysis of the os calcis, which is con- 




sideied b) some to repiesent a fusion of the calcaneus secundanus to 
the os calcis The two bones maj be joined by amphiarthrosis, sjm- 
desmosis or s}nostosis 

CalcaneonaMCulai fusion is associated wnth important functional 
disturbances of the foot Most cases show a definite and marked flat- 
foot noticealile even m the young but most noticeable at puhert} 
There is definite limitation of pronation and supination of the toot 
The foot IS often rigid and the peroneal muscles ma\ be spastic Ankle 
motion is normal There ina\ be muscle atroplu as pointed out n 
Chaput The sMnptomatolog% \aries with the degree and duration n 
the detormit\ S}mptoin5 are definiteh increased during puberti - o 
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inan} cases lia\e been reported thus far Slomann reported fi\e cases, 
two m children and three m adults He quoted Pannei as having seen 
three undoubted cases Nove-Josserand, m 1923 cited U\o cases, both 
of which Slomann denied Badgley, in 1927 reported fi\e cases, 
Bargellini, in 1928, one case, and Bentzon in 1928 six cases The 
fusion is uncommon, and misleading roentgenograms may tend to its 
diagnosis when it is not actually present It is not unusual to see the 
anteiior apophysis of the os calcis orerlappmg the scaphoid simulating 
fusion, on the straight lateral Mew An oblique Mew should show actual 
fusion best 

As wnth the accessor} scaphoid, man) theories have been set forth 
to explain the relation of calcaneonavicular fusion to the accompaii} mg 
disabiht} of the foot We believe a simple mechanical explanation best 
Lazarus belle^ed the condition to be due to fetal persistence In the 
new-born child he noted adduction of the foot wuth the cartilage of the 
os calcis m contact wuth the cartilage of the scaphoid Separation 
occuired m the normal detwusting of the foot the interosseous ligament 
forming m the newdy formed space between the navicular and the os 
calcis The synostosis is onl} a persistence of this early condition, 
with imperfect development of the ligament Leboucq also noted this 
Bargellini believes in no one special theory m view' of the fact that there 
are multiple anomalies of the os calcis, scaphoid and astragalus The 
multiple action of all these anomalies plus static factors wall produce 
a tarsalgia, usually at the period of greatest skeletal grow'th Slomann s 
conception previously enunciated m 1890 bi Leboucq. w'e belie\e cor- 
rect, namei} , that the anterior component of bod) w'eight is transmitted 
through the bod} , neck and head of the astragalus, dowmw'ard and for- 
w'ard to the naMcular Normal!}, this anterior component W'ould pass 
through the navicular to the first cuneiform and first metatarsal bone 
Owing to the fusion, there is a sudden stopping of the anterior weight 
forces at the navicular bone with direct transmission vertical!} to the 
foiemost and innermost point on the os calcis This tends definite!} to 
pionate the os calcis, astragalus and scaphoid No\e-Josserand stated 
that fiatfoot is secondar} to the tarsalgia which is due to a spasm of the 
extensor and peroneal muscles and to the dnersion of articular mo\e- 
ments to nearb\ joints because of the s}nostosis 

Because of the unusual pressure of forces at the talonaMcular joint 
osteo-arthritic changes ma} de\elop and complicate an alread\ compli- 
cated disabilitx Treatment %aries with the case from the con- 
sen atism of ph\sical thcrap\ exercises manipulations and plates to the 
moie radical open ojieration — lengthening or excision of the peroneal 
tendons to relax spasm (Badglc} ) resection of the SMiostoMs wnh or 
without interjxisition of the muscle belh of the extemor brcMs dimtonim 
to create p‘^clldo-arthroMs ( Badglev Bent/on) wed^e resection of the 



Pijr 8— Oi paraLuneiformt (retouched) 1 his is turls well shown on 
Kinal plate although it has pliotographed indistmcth because of poor ca e 
n ot this hone, which eMdentlj is undergoing degeneration 
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scaphoid to raise the longitudinal arch (Bargelhni) and triple arthrodesis 
if the secondar) arthritis is marked (Badgle}) Krida removed a 
secondar) os calcis with definite relief from pain for which the incon- 
stant bone was blamed 

In our senes we. saw no case of calcaneonavicular fusion 'W’e had 
only one case of unilateral calcaneus secundanus ( Although there w as 
a history of a trauma, we beheie this case to be a real inconstant 




toncicmtal duisioii of th<. iilniHr ot the litili tot, 

hone Init not a result ot the injun ) Posv,]])h stjnic other cases might 
]n\e been found if all the loentgenogr uiis had been taken in the oohque 
jil.nie 

The c.ilcaneon i\ icular tusion like mam other tiw-ioiis ma\ mterlere 
m disaiticulation ol the Itiol at the midtarsal joint 

Caleaneoiniieulai liision is the most comintm congemt il lusion 
Other tvpes ha\e ticcasioualh heeiiohsereed — calcaneo-asiragal.ir lusion 
calc ineocuboid lusion istr'ig'-lo-caphoid lusuin ( a^traealO'Cipland 
bone) scaphoidenboid ni'ion It is unneees..ir\ to di-cus- the -e in thi' 
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papei, as lefeience ma}^ be made to articles b} Leboucq, Andeison, 
Pfitznei, Ilhevitz and others These congenital fusions tend to disahne 
the statics of the foot and to alter its dynamics 


os PARACUNEirORME 

This unusual bone, located between the scaphoid and the innei 
cuneifoim bone, on the inner bolder of the foot, was first noted by 




Duight uho thought it a pathologic foimation He compaied it to the 
bone described b} Pfitzner — ^the pars peronea metatarsalis priini -and 
said that possibh thei uere the same Carlier and Cameron each 
described clinical cases in uhich the bone uas noted as a projection on 
the inner border of the foot In Cartier’s patient a eouth ot 19 the 
bone had been present since birth but it had been grouing rapidU m 
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the few months befoie examination The skin was red and a small 
bursa was located between the skin and the bone The bone was 
slightly moiable laterall} A roentgenogram shoned this inconstant 
bone against the inner side of the first cuneiform bone a thin line 
of aiticulation separating them The bone was removed In Cameron’s 
case, the bone had an aiticular facet for the scaphoid, an accessoiy 
scaphoid was also present on the same side We have seen one case 
in which the bone was present bilaterally 

os SUPRANAVICTjLARE 

The os supranaviculare is located between the dorsal aspect of the 
astragalus and scaphoid, usually articulating with the latter, though it 
may also fuse with the astragalus It may thus be fused or fiee When 
fused, it may resemble an arthntic exostosis or a trochleai process 
Pine, to whom discoveiy of this bone is credited, m 1919 described 
foul teen cases, one of which was bilateial Pacini, m 1910 Campbell 
in 1918, and Wigoder, in 1928, noted this bone This inconstant bone 
if It is one, IS to be difterentiated from fracture of the supenor surface 
of the scaphoid We have noted three instances of this bone two in 
this series 

SECONDARY ASTRAGALUS 

The secondary astragalus is round and located just behind and abo\e 
the head of the astragalus It niaj be fused or free and must be 
distinguished from fracture, arthritic exostosis, an inflammatory prod- 
uct, as of osteomyelitis, and a trochlear process W'hich is not uncommon 
on the neck of the astragalus It is possible that the trochlear process 
may be a fused secondary astragalus No functional disturbance is 
attiibuted to this bone In 1921, Bierman described this supernumeran 
ossicle in a patient wnth an old osteomyelitis of the tibia W'e ha\e 
seen twm cases m this series 

os SLBTIBIALE 

The os subtibiale is an unusual pea-sized accessori bone loc.ited 
on the medial aspect of the foot just below the internal malleolus 
anteiior to the astragalai facet From a stud\ of three cases Bircher 
beheied it to be a sesamoid and said that it mu^-t lie difterentiated from 
pathologic calcifications m the ligamentum calcancotibiale Grashci 
who saw one case noted the same thin" Hawig and Pfitzner ha\c also 
noted cases Gia\ noted that sesamoid bones ma\ be present externalh 
oi mternalh in the tendons tuinin" about the ankle Luiio said the 
position and morphologi rule out its being a sesamoid bone he exjire-sed 
the belief that the line of separation is an anicular line 



" or 
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The bone closely resembles a fracture ot the internal maleolus The 
inconstant bone may be bilaterally present, is smooth and regular and 
IS to be ruled out as a cause of pain in traumatized ankles We ba^ e seen 
one case m which a detached osteoph} tic process m a man suftermg f i om 
osteo-arthritis of the ankle resembled ver\ much an os subtibiale 

Fairbank has described an unusual epiph\sis for the inteinal 
malleolus All his cases have been m children (three cases, two 
bilateral) In one case he obser\ed fusion of this bone three }eais 
aftei first observation Whethei oi not this unusual epiphysis is the os 
subtibiale is not known Lambert) and Bedard have also seen this 
anomal) Both the os subtibiale and the epiph)sis described are to be 
difteientiated from a rare bone located at the posterior part of the 
sustentaculum tali, the os proprium sustentaculi 

The divided inner cuneiform, the divided cuboid as desctibed b\ 
Blandm, and the os inteicunei forme ha\e no functional significance 
The secondaiy cuboid (cuboides secundaiius), a bone located in the 
same geneial position as the calcaneus secundarius but m a moie 
plantai and tibialward position may form a large bony projection in 
the sole of the foot as noted b\ Dwught m the toot of a cada^er The 
clinical histon was not knowm Sutton, Thane, MacAlister Blandm, 
Morestin Gruber and Pfitzner ha\e noted this bone m anatomic speci- 
mens Holland Bieiman and Lilienfeld showed loentgenogiams m 
wdiich the) thought the cuboides secundarius w^as visible The os unci 
IS present as a bon\ jilantai piojection on the third cuneiform and most 
probabh cannot be felt It is so rare m human beings (normal m cats) 
that one can only postulate that the enlarged process ma) be painful on 
walking Lilienfeld behcied that he saw it once Holland noted that 
he obsened an ossicle m the region of the peroneal process of the o^ 
calcis in relation to the external malleolus 

Tlin SLS\M01DS 

It IS not our purpose to discuss the anatomic anthropologic and 
physiologic relations of the sesamoids of the foot This would onK lead 
us astiav from a studi of the functional derangements of these sesa- 
moids The reader is referred to the works of Pfit/ner Thilenius 
Stieda Gilette and others foi such stud\ 

Osteochondrojiathi of the sesamoids of the gre.it toe iisualh the 
tiiiial IS a ehnical entiti still resting on insecure ground The etiologv 
IS unknown a lowered resistance ol the ses.unoids toward nKehanie.il 
damage in the period of greatest ossification being postnl.ited Increased 
static disturbances m a jies jilanoi.algiis has Ijeen noted in this conditum 
Meis Renander \\ Muller and Tre\es ha\e described ci'Cs Osteo- 
chomhojiatln is tisnalh tonnd in children often m assoerition v ith 
othei epijilnseal disose such .is ijMipinsuis oi tfi. heel Kohlers <hs- 
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ease of the second and thud metataisal head A few cases have been 
noted in adults Climcaity, the symptoms aie not chaiactenstic — pain 
undei the tibial sesamoid of the gieat toe, pain on motion of the gieat 
toe and on walking and, possibly, limping Symptoms may not appeal 
until late in the couise of the disease Roentgenologically, theie is 
noticed fiagmentation of the tibial sesamoid, usually m two uregulai 
and unequal pieces A tendency toward incieasmg fiagmentation is 
seen In Treves’ patient, a girl aged 19, theie was mottling of the tibial 
sesamoid, suggesting an osteochondritis The bone was removed but 
not examined Two pathologic specimens were examined b}'’ two 
investigators (Meis, Renander), who claimed that the typical picture of 
osteochondiopathy was present Meis described the pathologic sequence 
thus — focal necroses of bone trabeculae and mairow, which become 
confluent, followed b}'- a connective tissue reaction The resulting frag- 


Table 3 — Analysis of the Semmoids of the Toa 


Dn ision of the inner sesamoid of the great toe noted 

72 times 

Dn ision of the outer sesamoid 

C times 

Second tibial sesamoid noted 

31 times 

Second fibular sesamoid 

Nev er seen 

Third tibia! sesamoid noted 

4 times 

Third fibular sesamoid 

Nc\ er seen 

Fourth tibial sesamoid noted 

7 times 

Fourth fibular sesamoid 

Nev er seen 

Fifth tibial sesamoid noted 

1C3 times 

Fifth fibular sesamoid noted 

29 times 

Interphahingeal sesamoid of the great tot noted 

131 times 


mentation leads to an appearance of pseudaithiosis The hi aline 
caitilage coveiing remains undisturbed 

This condition is to be difteientiated from congenital division of the 
sesamoids of the great toe and from fiacture of these bones Ossifi- 
cation of these sesamoids takes place about the eighth or ninth jear, 
latei accoiding to some authors Congenital division may be seen then 
In oiii senes of 1,000 roentgenograms, 72 showed division of 
the tibial sesamoid of the great toe and 6 showed division of the 
fibular sesamoid Geist noted such division in 16 of 100 cases, Bizarro 
m 4 of 100, and Fieibeig 1 m 1,000 roentgenograms Hobart said 
that no case of division of the fibulai sesamoid had e\er been reported 
The line of division ma_\ be transverse or oblique the fiagmcnts being 
equal or unequal The line of division is smooth There niav be 
division into four equal pieces Sometimes, m addition to the iiiam 
tibial oi fibular sesamoid, one or two smaller sesamoids inav be seen, 
imitating a congenital division Muller noted that a swelling o tie 
metatarsophalangeal joint mav spread apart a congenitaliv cnKCf 
sesamoid imitating fracture Usuallj there arc no sv inptoin^ lut some 
times the patient mav complain of pain on the under siir ace ot 
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great toe in the region of the tibial sesamoid This most probabl} , is 
static, and relieved easily b}'- proper conservative treatment Biugman 
noted that m some cases of so-called congenital dnision, an old long- 
forgotten fiacture of the sesamoid, sustained in childhood ma} be 
piesent 

Fiacture of the sesamoids of the gieat toe is not common Bizaiio 
having noted sixty cases up to 1921 Many authors ha\e lepoited 
cases — Morian, Mouchet, Jean, Stulz and Fontaine, Hall-Edn ards 
Schunke, Marx, Hobart, On, Koch, Heinaman-Johnson ]\Iullei, 
Speed, Skillern and Boardman, and otheis It is unnecessar} to make 
an analysis m each case to determine whethei the condition is congenital 
dnision or a fracture The fracture is usually the result of dnect 
trauma, such as crushing or fall from a height, although some cases are 
due to indirect trauma Experimentally, the fracture can be leproduced 
b\ forced dorsiflexion and abduction of the great toe There may be 
associated fracture of the other bones of the foot, tisualh of the 
metatarsals and the phalanges Fracture of the fibular sesamoid is much 
raiei, since the tibial sesamoid lies directly beneath the joint Betocchi 
has noticed fracture of the fibular sesamoid in cases m which the 
sesamoid alone is involved by direct injury Bizarro noted onh six 
cases of fracture of the fibular sesamoid in his reMCw^ of the literature 
Clinically, there is pain under the affected sesamoid, increased on motion 
of the toe A limp maj be noticed An association with hallux \algus 
is seen On roentgen examination there is seen an unequal division 
of the affected sesamoid into more or less widel) separated fragments 
the line of division possibh being serrate Roentgenograms should be 
taken wnth the toe m marked dorsiflexion, the ra\ s being in the frontal 
plane aftei the technic of Muller Treatment consists of rest proper 
phisical theiapy and proper support Callus unites the fractured ends 
a fact wfliich distinguishes it definitel} from congenital dnision In 
some cases it is necessarj to remo\e the fractured bone M’e are 
definiteh in fa\oi of consenatne treatment We haie had cases in 
which operation was indicated for fracture relie\cd In paddings and 
plates we ha\e also noted that CAen after the remoial of the affected 
sesamoid m some cases pain is still present but is casih relicied b\ 
propel support Luxation of the sesamoids has aho been d<.‘'Cribcd 
This IS not uncommonh noticed in marked hallux \al"us m which 
condition the sesamoids are dislocated outward the fibular vcsamoid 
being seen m the fir^t intermet.atarsal space 

\rthntis of the st^amoids of the ure.at toe is often =ccn c''])t.ciall\ 
in connection with arthriti'= of the loint of the erreat toe The arthritic 
exostosn mae be lomed to a similar exosto^n on the -'econd metatar-al 
Periostitis of the stsamouh ma\ occur line not heard of ostco- 

nutlitis oi tumor ot the stvanioids of the "rL'it tov 
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D J jMorton described a backward displacement ot the sesamoids of 
the gieat toe, and expressed the opinion that there is a definite static 
efitect due to this malposition 

Inconstant sesamoids at the heads of the metatarsals aie seen at 
times We have never seen the fibular sesamoid on the second, third 
and fourth metatarsal heads Stieda described the fourth fibular 
sesamoid The tibial sesamoid on the fifth metatarsal head is common 
the fibulai one less so Pfitzner’s tables of fiequency and combinations 
of the vaiious sesamoids aie very inteiesting Congenital division has 
nevei been desciibed Pfitzner noted a division of the third fibulai 
sesamoid in a tiger, the thud tibial sesamoid being normal Recently, 
we noted a congenital division of the fibulai sesamoid of the fifth toe into 
two parts We have also seen fractuie of the second tibial sesamoid, 
the diagnosis being pioved roentgenologicallv and b}' micioscopic 
examination of the excised piece 

CONCLUSION 

The functional changes due to the inconstant bones of the foot and 
the sesamoids are not many but the} become important m compensation 
woik, especial!} m view of the fact that about 75 per cent of feet piesent 
such anomalies The inconstant bones seldom distuib the statics of the 
foot 
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POSTOPERATIVE PULMONARY ATELECTASIS 

OBSERVATIONS ON THE IMPORTANCE OF DIFFERENT TYPES 
or BRONCHIAL SECRETION AND ANESTHESIA * 

A LINCOLN BROWN, M D 

S-VN TRANCISCO 

The importance of pulmonaiy atelectasis as a postopeiative comi^h- 
cation has gained increasing recognition duiing the past few yeais At 
first, attention was focused on the instances of massive collapse, as 
described by Pasteui ^ (1908) and again by Leopold,- who adopted 
Jackson’s designation of “di owned lung,” believing the condition to be 
best described as “post-operative massive pulmonary collapse and 
drowned lung” This condition is, of couise, diamatic in all its phases, 
but IS of relatively infrequent occurrence However, so-called paitial 
atelectasis is not uncommon — based on iny own obseivations and those 
of many other obseiveis In fact. Mastics, Spittlei and McNamee “ 
stated that the atelectasis accounts foi about 70 pei cent of all post- 
opeiative pulmonary complications 

Stiictly speaking, the term partial atelectasis is incorrect Atelec- 
tasis IS complete in any given area, but is limited to a greater or lesser 
portion of the lung accoiding to the magnitude or number of the bronchi 
that are obstructed Thus the condition might be considered as “limited 
atelectasis” Therefoie, it would seem advisable to drop the term 
“partial atelectasis” and to differentiate the various cases of atelectasis 
by teiins descriptive of the areas of the lung involved Lee and Tuckei ■* 
ha\e offered a classification of the types of atelectasis noted, built on an 
anatomic basis, namely (1) massive atelectasis, (2) lobar atelectasis 
and (3) lobular atelectasis To this I would add another group, viz, 
scatteied lobular atelectasis, foi the following reasons 

Submitted for publication, Aug 8, 1530 

^ From the Clinics on Thoracic Surgen of the University of Cahfonm 
(supported m part b 3 the J J and Nettie Mack Foundation) and the !Mount Zion 
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3 Mastics, E A Spittler F Q and McNamee E P Postoperatnc Pul- 
monar^ Atelectasis Arch Surg 15 155 (Aug) 1927 

4 Lee Q E and Tucker G Postoperatn e Pulmonar\ Atelectasis, \thntic 
M I 31 2S4 (Eeb ) 192S 
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It IS fairly well agreed that bionchial obstruction plus decreased 
aeration ability of the lung is a prime cause of postopeiative pulmonary 
atelectasis, and that the obstiuction is usually due to letained tracheo- 
bionchial secretions Moreover, limitation of movement of the dia- 
phragm for one cause or anothei (i e , air below the diaphragm) 
greatly aids this process Numerous other causes have been suggested 
without any general acceptance of an)'- one of them 

It appears that the role of the bronchial secretions eithei in pro- 
ducing the atelectasis or in determining the specific type of atelectasis 
which ensues has not been given sufficient consideration In a study 
of the action of cough on material m the tracheobi onchial tiact. Dr 
Aichibald and myself ® obseived that whereas the usual action of cough 
IS to expel material from the tracheobronchial tree, it may, undei cei- 
tam conditions, actually bring about the opposite result, that is, drive 
material deeper Moreover, it was noted that the degree of penetration 
of the material into the smaller ramifications of the tracheobronchial 
tiee was m direct proportion to the viscosity of the material m question, 
that IS, the less viscid the material, the greater was the penetration and 
the greatei the possibility of dispersion 

In the cases of postoperative pulmonary atelectasis apparently due 
to bronchial obstruction by mucous secretion, I had the opportunity 
to observe carefully diflferent types of secretion The usual t}pe of 
secretion consists of a thick viscid material, not necessaiily present in 
large amounts, and broken up with difficulty On bionchoscopic exami- 
nation, this material is found to plug a bronchial orifice, atelectasis 
occurring distal to the plug If the material is slightly less viscid one 
or more smaller bronchi may become plugged, and as the material found 
IS again less viscid, smaller bronchi still are seen to be filled oi plugged, 
and the possibility of obstruction m more than one bronchus inci eases 
Finally, when one notes a secretion of almost watery consistency, then 
not only bionchial plugging, but also bionchial filling, ma)’’ occui and 
one obtains clinically the condition Avhich has been spoken of as 
“di owned lung” (Leopold -) 

The experiments consisted in introducing intiatracheally into ani- 
mals, sputum that had been impregnated vith iodized popp) seed oil 
40 pel cent, inducing conti oiled cough, and making roentgenographic 
obseivations Thick, viscid sputum did not peiietiate deeph, did not 
bleak up and was ai rested at the orifices of the larger bronchi (fig 1) 
Thin sputum (a sputum-iodized oil emulsion) penetrated deepi) filled 
the bionchi and vas uidel)' dispersed (fig 2) In the various experi- 
ments all factors were identical except the tvpe of sputum introduced 

> ■\rclnlnld E vnd P.rown A L Cough— Its Sction on Alafcnal in the 
Tndicohronchial Tract Experimental Stiid\ \rcli Siirg le 122 (Tan) 1928 
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Clinically, I ha^e frequently obsened that thick, viscid sputum ma} 
plug larger bronchi and pioduce a postopei ative lobular atelectasis A 
typical case is reported (case 1, fig 3) 

C\SE 1 — The diagnosis before bronchoscopy was atelectasis of a portion of 
the right lower lobe , after bronchoscopy, atelectasis of two tertiary lobules, right 
lower lobe 

A 10 mm Bruning’s bronchoscope was inserted A small amount of +hin 
mucous material was found in the trachea The left primary bronchus was clear , 



Fig 1 (cat 9) — In the cardiac region is seen an area of increased densiti 
corresponding to a mass of sputum-impregnated iodized oil, which had been 
niected mtratrachealh after cough had been induced The mass is intact and 
has onh penetrated the larger bronchi Repeated induced coughs failed to disin- 
tegrate the mass or drue it further in 

no blocks vere noted At a distance of 37 cm irom the mouth down the right 
piiman bronchus and into the anterior secondari bronchus, two posterolateral 
tertiari bronciii were noted to ha\e their orifices completeh blocked bi small 
plucs 01 thick tenacious sputum The patient was asked to take deep breaths but 
these plugs were immoiable, whereas the thin mucous secretion oi the bronchi 
mo^ed in and out with respiration The entire area was spraied with 10 per cent 
cocaine and 1 1 000 solution of epinephrine equal parts The aspirator was 
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applied directly to these plugs of mucus, and each was removed The air A^as 
seen to enter the bronchi involved The orifices of each were then touched Mith 
the mixture of cocaine and epinephrine, and before withdraw al were seen to be 
about one third larger than at the beginning of the procedure After withdrawal 
of the bronchoscope, it w'as noted that the physical signs had changed, and that 
respiration was much easier 

Roentgenograms taken immediate^ before and after bronchoscopi showed 
clearing of the atelectatic area after bronchoscopy 



Tig 2 (cat 10) —After induced cough, sputum-iodized oil emulsion is seei 
<iispersed and filling the larger and smaller bronchi 

Case 2 IS a t}pical illustiation of what ma} occur when the con- 
sistency of the sputum is much less iiscid In this case tliere was 
obseried a dispeision effect with filling of numerous scattered bronchi 
and bronchioles directly compaiable, it is beheied, to the experimental 
obser^ ations pre\ loush reported 

CisE 2— The diagnosis before bronclioscopi was atelectasis or the right lung, 
a’ ter bronchoscop^ atelectasis of the right lung and scattered atelectasis 

The large bronchoscope was inserted About 30 cc ot lairh tenacious sputum 
was aspirated irom the trachea and prinnri bronchi espccialh on the neht side 
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No definite plugs were noted The patient breathed more freely after the operation 
ara was markedly improved symptomatically 

Roentgenograms taken immediately before and after bronchoscopy showed 
some clearing after bronchoscopic aspiration (fig 4) Roentgenograms taken 
twenty -four hours later showed marked clearing throughout 

Thus I have shown chnicall}' that thick, tenacious sputum may plug 
a larger bronchus without interfering with the remainder of the tracheo- 
bronchial tree, and that a marked dispersion effect with filling of 
numeious widely scattered bionchi and bionchioles may occur when 
rather thin sputum is present Intel mediate degrees of dispersion and 



Fig 3 (case 1) — roentgenogram taken immediately before bronchoscopy 
show mg a triangular area of increased densitj at the base of the right lung 
Ihere vas retraction of the ribs on the right and the heart and mediastinal con- 
tents vere drawn shghth^ toward the right At bronchoscopy, the bronchus m 
this area of increased density was found to be occluded bj a thick tenacious plug 
L\ taken after broiichoscopt showing marked clearing of the triangular shadow 
at the base of the right lung and widening of the interspaces The heart and 
mediastinal contents ha\e swung back toward the left This followed the bron- 
choscopic remo\al of the thick tenacious mucous plug filling the bronchus to the 
area m%ohed 

plugging of a few oi maiiA bronchi m otlier clinical examples were 
obMOUsh to be expected and this has been noted repeateclh , the cases 
quoted herewith fall lespectneh toward each end of the scale 
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INFLUENCE OF TYPE OF ANESTHESIA 

It has been ni} prn ilege to obsen e the course of postoperatn e pul- 
monar\ complications follo\\ ing practicall) all t}'pes of anesthetics The 
majorit} of the operations nere performed under subarachnoid block 
Likewise, the greatest number of cases in n hich postoperatn e pulmonari 
atelectasis Mere obsen-ed Mere those in Mhich spinal anesthesia had 
been emplo} ed ■\^''hlle the senes is numencall> too small to give defimte 
statistics for the incidence of this complication folloMing the ^arlOUS 
t}pes of anesthesia, ne\ ertheless, the impression gained thus far is 
definitely that the incidence of pulmonarj* atelectasis is greater folloM'- 



Fig 4 (case 2) — 4, roentgenogram taken beiore bronchoscop> showing diffuse 
scattered areas of increased densit\ throughout both lobes At bronchoscope. , a 
large amount oi semuiscid material was lound m all the major bronchi B, 
after broiichoscop% , during which procedure 30 cc of semuiscid material was 
aspirated from the primari bronchi, showing slight general cleaving most marked 
o'l the right 

mg spinal anesthesia than tollowing an\ tonn of inhalation or regional 
anesthetic This impression holds regardless of the t\pe of operation 
undertaken 

At first thought one would imagine the oppo'-ite to be true that post- 
operatue pulmonare atelectasis would occur more frerpienth follow intr 
inhalation anesthesia But on closer consideration seieral reasons are 
noted win spinal anesthesia might predi^po^e t(j this complication 
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First, spinal anesthesia definitely inhibits the depth and foice of 
lespiiator}^ movements, not onl}'- during the opeiation itself, but foi a 
consideiable period thereafter It is these respirator}^ mo^ements (both 
intimsic and extrinsic) which tend to rid the tracheobi onchial tiee of 
foreign matter or secretions Second, the normal viscosity of the secie- 
tions of the ti acheobronchial tree appears to be increased, i e, the 
material is more tenacious following spinal anesthesia Third, follow- 
ing operation under spinal anesthesia the patient tends to remain rela- 
tnely quiet for a number of hours One has, then, a more tenacious 
sputum and decreased or impaired factors that might tend to free the 
tracheobronchial tree of this material The increased possibihtv for this 
material to obstruct or plug a bionchus and the subsequent development 
of atelectasis appear leasonable 

SUMMARY 

1 The importance of the bronchial secretions m producing post- 
operatne atelectasis and in determining the specific t}pe of atelectasis 
which ensues is stiessed Experimental and clinical observations are 
compaied, and are found to agiee Thick tenacious sputpum is noted 
to plug the larger bronchi, whereas thinner sputum tends to greater 
dispersion and a blocking of the finer bronchi and bronchioles, thereby 
producing a scattered lobular atelectasis 

2 The impression is gained that spinal anesthesia predisposes to 
postoperatne pulmonar}' atelectasis 



GASEOUS PERICHOLECYSTITIS WITH CHOLECYSTITIS 
AND CHOLELITHIASIS ^ 

C F HEGNER, MD 

DENVER 

Gas bacillus infection of the Iner and biliaiy tract has been repoited 
many times In a perusal of the available literature, I have not found 
a case m which gas foimation aiound the gallbladdei was noted during 
life Kiichmayr reported an mteiestmg case of gas bacillus infection 
within the gallbladder, the walls of which showed emph} sematous 
blebs ^ 

In the case presented, gas m increasing volume was demonstiated 
both clinically and i oentgenologicall}' in relation to the gallbladder The 
gas present at the time of operation was proved by cultuie to be due to 
an unusual gas bacillus resembling the Dactlhts zvelchii - 

In all case reports of emph3'sema of the liver, the presence of gas 
was first noted post mortem It is interesting that invariably theie was 
an associated chionic cholangeitis, usually with cholelithiasis 

Fiom a microscopic study of the liver and biliary system m cases of 
“Schaumleber,” Stolz concluded that the invasion of the bile ducts 
and gallbladder by the gas bacillus w'-as terminal and the gas formation 
a postmortem feature Hintze,'* Kerschensteiner,^ Welch - and otheis 
aie of the opinion that the invasion and localization of gas producers 
m the bile ducts and peiiacmal aieas of the Iner ma) occur during life 
the pioduction of gas begins only after cessation of the ciiculation 
Bacillus aci ogcucs-capsnlatiis is frequently present m the bowel It 
may be present m the ciiculation without causing simptoms until some 
inteicuiient neciotic or mflammator}'- lesion develops which foims a 
faiorable nidus foi its giow^th A neciotic area being deprived of oi 
limited in its supply of wHl ox}genated blood ma\ deteimine such 
localization 

Submitted for publication Juh 3 1930 
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The liver eliminates bacteria fioni the general and the portal cii di- 
lation through the bihar)^ ducts® This function is of pi line importance 
for the maintenance of health It may become an equally impoitant 
etiologic factor m diseases of the hepatic system Investigations by 
different obseiveis show that a A^aiiety of bacteiia may be present m 
the liver and bile foi an indefinite peiiod without clinical manifestations 
of their presence The liver and bile must possess the power to modify 
oi contiol the virulence of bacteiia 

An increase m alkalinity of the bile has a maiked mhibitoiy and 
possibly a bactericidal effect " This may explain why bile may be 
steiile, wheieas the walls of the gallbladder and biliaiy ducts with the 
pericystic and peiiductal fibious tissues and the contiguous liver cells 
letain and manifest bacterial infection 

An}'^ seieie or fatal illness which diminishes the secietion oi alters 
the charactei of bile, an)^ condition reducing the contractility of the 
gallbladder® oi which causes biliary stasis,® favois infection of the bile 
These factois can be held to account foi descending as well as for 
ascending biliary infection 

The routes of infection to the gallbladder and bile passages have 
lecentl}'' attracted lenewed attention of investigators, notably Graham^® 
and his co-woikeis, Peterman and Priest It is impoitant to know 
the route of invasion in ordei to understand diseases of the hepatic 
s}stem Usually when the patient with hepatic disease seeks medical 
aid, the avenues of invasion are so intimately and insepaiably associated 
that the disease is presented as an overlapping and confusing pathologic 
complex 

S>stemic infection with gas pioducers may follow even minoi 
injuiies to the sui faces of the body, oi minute oi massive peifoiations of 
the hollow Msceia Lesions of the bowels, ulceis, contusions, stiangu- 
lation 01 obstiuction which increase permeability of the wall without 
solution of continuity ma}'’ be the site of inoculation There may be 
no visible point of inoculation Gas bacillus infection of the gastro- 
intestinal tiact and i elated s)'^stems is usually an autoinfection 

The routes of ln^aslon of the gallbladder and bile passages imv be 

6 Futterer Berl klin Wchnsch’' 36 58, 1899 

7 Beckmann, K Munchen med Wchnschr 75 2042 1928 

8 Gilbert and Gironde Centralbl f Bact 9 413, 1891 

9 Ehret and StoL Mitt a d Grenzgeb d Med u Cbir 7 8, 1901 

10 Graham, E A Surg Ganec Obst 26 521, 1918 

11 Peterman kl G , Priest, W S , and Graiiam, E A. The Assocntioii of 
Hepatitis vitli Experimental Clioleca stitis and Its Bearing on the Pathogenesis 
of Cbolecistitis in the Human, Arch Surg 2 92 (Tan) 1921 

12 Welch, M H and Elexner, S J Exper Aled 1 5 1896 
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(fl) Aitciial A part of a geneial sepsis,” fiom lemote foci, as 
pioved b} the work of Rosenow,” bacterial emboli m the subepithelial or 
submucous tissue of the gallblacldei 

(b) Venous Thiombophlebitis, tbiombosis of the portal vein oi 
Its blanches a lesult of filtiation of bacteiia from the geneial, splenic 
01 portal cii dilation b} the Inei cells thiough bile ducts” 

(c) Lymphatic Fiom the livei, from organs contiguous to or in 
ph3'siologic 1 elation with the Inei Giaham showed the lymphatic 
route as piobabl} the most fiequent, coiioboiating the studies of other 
voikeis \\ho found the gieatest and most constant evidence of infec- 
tion m the peiiportal, peiiductal and penvesiculai fibrous tissues, which 
conduct the hmphatic channels 

(f/) Adhesions between the bowel, hvei and gallbladdei Adhesions, 
piimaiil} a piotective inflammatoi}' reaction, become a bridge across 
which infections ma}' tia\el in both directions The same features 
obtain between the undersui face of the hvei, the sulcus of the gall- 
bladdei and the gallbladder piopei 

(c) Direct extension fiom the Iner by continuity 

(/) Bile stream infection Ascending from the duodenum, 
descending from the hepatic ducts 

REPORT or CASE 

Hi^loiv — J B L, a man, aged 62, was admitted as an ambulant patient to 
the medical serMce of Dr C T Burnett on March 21, 1929, complaining of pain 
in the upper part of the abdomen He had had a similar attack of three hours’ 
duration three weeks before, otherwise he rvas well Fne daj's before admission, 
following a heav} meal, he was seized with sudden agonizing pain in the upper 
right quadrant of the abdomen The pain radiated to the back and to the right 
shoulder, and persisted for four and one-half daj's He was nauseated and 
vomited undigested food and bile Jaundice ^\as noted on the second day, which 
began to fade on the day before admission 

Examination — On physical examination the patient was found to be robust 
and did not appear ill The temperature was 99 F , the pulse rate 92 and the 
respiratory rate 22 The skin and sclera vere jaundiced The right upper 
quadrant of the abdomen was rigid and tender below the right costal border 
No mass was palpable The heart was normal The sjstolic blood pressure was 
136 and the diastolic 76 The blood count was red blood cells, 4,910,000 , white 
blood cells, 14,100, polyinorphonuclears, 90 per cent, small lymphocjtes, 10 per 
cent The Wassermann reaction was negatn e The urine was hazj', with acid , 
albumin, 1 plus , no sugar and an occasional hj'aline cast 

March 23 The patient uas up and about and felt veil The gallbladder 
Msuahzation test was done with the dye administered intra\ enouslj The area of 
gas in the region of the gallbladder was shaped like a gallbladder, but the organ 

13 Moynihan, B Brit M J 11, 1928 

14 Rosenoiv, E C Majo Clin 8 222, 1916 

15 Koch Ztschr f H\g u Infectionskr 72 1 1909 

16 Pesch, K L , and Hoffmann, V Munchen med V’chnschr 75 1705,1928 
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itselt failed to visualize after tvehe hours Dr J L Har\ej made the diagnosis 
of a pathologic gallbladder 

ilarch 24 A surgical consultation was held Slight icteric conjunctna, 
slight tenderness of the aodomen over an enlarged liver, and slight rigidity of the 
abdominal vail to about the center of the abdomen were noted Operation was 
ad\ ised 

^larch 2o The patient vas comfortable The temperature was 99 F, the 
pulse rate 86 and the respirator 3 rate 18 The abdominal rigidity was less 



Tig 1 — ^larch 23 1929 The Msualization test vas made with dje adminis- 
tered intra-v enoush The area of gas in the region ot the gallbladder vas shaped 
like a gallbladder, but the organ failed to Msuahze Xote the mottling of ga- 
in the area of the permstic region 

marked A tumor mass m tlie region of the gallbladder could be felt to extend 
below the margin of the Iner It was tender to light palpation and timpamtic to 
percussion \ gastro-mtestinal series was requested to determine the origin ot 
the air in the gallbladder and to note a communication, if ani, with the gastro- 
intestinal tract 

March 26 A. gastro-intestinal senes showed persistent detormit\ ot the 
duodenal cap which was small irregular and difhcult to \istiali/e Gas pri.- 
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Moush described in the area of the gallbladder on the visualization test had 
increased m size It \\as not connected with the bowel, the fluid le\el was seen 
w ith the patient in an erect posture 

i\Iarch 27 Ihe patient vas transferred to the surgical service The tempeia- 
ture was 99 8 F, the pulse rate 96 and the respiratory rate 22 The mass w'as 
great!} increased in size and w is quite tender on palpation and tympanitic on 
percussion 



Fig 2 — March 25, 1929 There is a great increase m the gaseous area in 
the gallbladder region to four times the size showm in figure 2 


Opci ation — The operation was performed with the patient under ether anes- 
thesia The usual gallbladder incision w'as made, and the peritoneum opened 
The colon, omentum, duodenum and stomach Avere firmly and intimately adherent 
to the margin of the liver and region of the gallbladder, making a mass the size 
of a large fist It was tvmpanitic, the gas w'as under considerable tension The 
adhesions W'ere separated causing a great amount of bleeding, but the oozing 
area w'as packed with hot compresses The tumor mass w'as \eri friable A 
number of small abscesses were found m the wall The outline of the gallbladder 
was ^e^y indistinct When an attempt w'as made to find a line of cleavage, the 
hemorrhage became profuse, but was controlled b\ hot compresses It was 
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deemed expedient mereh to drain the gallbladder A 20 cc sjringe with 19 gage 
needle was thrust into the tumor, the gas was under sufficient tension to push 
the plunger out of the barrel of the si'nnge Cultures were taken by Dr Ivan 
Hall Coffer-damming strips were used over the entire area On carrjmg the 
strips high up under the surface of the liver, a tear was made in the tumor mass, 
or a secondary abscess, with escape of nce-soup-Iike fluid No odor was noticed 
A large tube was introduced into the tip of the tumor It could not be sutured 
because of the friability of the tissue Bleeding was profuse The finger was 
introduced into the cavity, supposedly the gallbladder, but no stones were felt 
The cavity was filled with thin, bloody fluid, free and clotted blood No bile 
was seen A larger tube was inserted and deep mattress suture succeeded in 
stopping the bleeding and holding the tube The tube, the coffer-damming strips 
of gauze and the protective rubber-dam were brought out through the abdominal 
incision, which was only partially closed The patient left the operating table m 
good condition 

Com se — During the afternoon, the drainage of a thick greenish fluid was 
profuse, 500 cc was caught in a sjphon bottle The dressings were saturated 
and had to be changed several times 

March 28 Ihe temperature was 100 F and the pulse rate 120 The patient’s 
general condition was good There was profuse drainage of thick, greenish 
fluid, the abdomen was not distended and no odor was noticed No crepitus was 
felt in the abdominal wall The patient took fluids freely He voided voluntarilv 
and passed flatus Twenty cubic centimeters of Cutter’s poly%alent anaerobic 
serum was given intramuscularly 

March 29 The temperature was 99 F and the pulse rate 114 No crepitus 
Mas noted in the tissues There was free drainage of bile-stamed fluid Twent} 
cubic centimeters of polyvalent serum Avas given mtramuscularlj 

j\Iarch 30 The temperature was 992 F and the pulse rate 108 The patient 
Mas comfortable and m no pain There AVas profuse drainage of clear bile-stained 
fluid No crepitus Avas noted in the tissues Tiventy cubic centimeters of polv- 
Aalent serum AA'as given mtramuscularlA'^ 

Alarch 31 The temperature Avas 98 F, the pulse rate 94 and the respiraton 
rate 26 About 8 20 a m , aaIiiIc on the bedpan straining at the stool, the patient 
A\as suddenlA"^ seized Avith severe respiratory distress and became cyanotic I 
happened to Avalk into his room Avhen this occurred He did not complain of 
pain, onh’’ of the extreme breathlessness Examination of the lungs gaA^e negatne 
results Oxygen inhalations gar^e no relief At 9 35 a m, Avhile straining at tlie 
stool, he died 

Abstract of the Autopsy Report (Dr W C Johnson) — Autopsy Avas per- 
formed three hours post mortem The anatomic diagnosis A\as suppuratue 
pericholecystitis, cholelithiasis, necrosis AAith perforation of the neck of the gall- 
bladder, slight biliarA cirrhosis of the Iner, chronic inflammation and fibrosis of 
the Iner adjacent to the gallbladder, thrombosis of the external and internal iliac 
Aeins and pulmonan embolism, the cause of death 

The heart AAas enlarged The righr Acntricle and pulmonan arter\ opened in 
situ contained a mass of firm, dark red cilindnc and branching thrombi, mIiicIi 
extended into the branches of the pu’monarA artery 

Examination of the aodomen shoMcd no general peritonitis and no gaseous 
emplnsema The region of the operatne field Mas veil Mailed off h\ fibrinous 
adhesions, forming a pocket into mIiicIi a rubber sheet dram surrounding a 
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imniber of gauze strips extended from a laparotomy wound A rubber tube dram 
was sutured into an opening through a layer of tissue which completely co\ered 
the region of the gallbladder 

The liver weighed 2,530 Gm The capsule was thickened, and there was 
slight biliary cirrhosis The gallbladder region was covered by a la) er of fibrous 
tissue on the outer surface of which was a fibrinous exudate A rubber tube 
dram was sutured in an opening through this tissue near the edge of the liver 
An incision through the liver into this region revealed the gallbladder free and 
collapsed in the apex of a pear-shaped abscess cavity, where it was attached to 
the cystic duct Near the neck of the gallbladder was a perforation 1 by 2 cm 
through which had been extruded the mulberry-shaped calculus found lying free 
m the apex of the abscess cavity The collapsed, slightly thickened, gallbladder 
wall, roughened on its external surface, contained twelve facetted calculi The 
mucosa of the gallbladder appeared practically normal The wall of the abscess 
cavity which completely enclosed the gallbladder was made up of fibrous tissue 
lined with granulation tissue Several hummocks of granulation tissue projected 
from the liver into the abscess cavity, causing an irregular contour On the left 
side of the gallbladder fossa a layer of fibrous tissue extended for 2 cm into the 
liver substance, forming an abscess which communicated with the mam peri- 
cholecystic abscess cavity 

i'hcioscopic Exaimnation — The liver showed a slight increase of connective 
tissue m the portal canals This tissue was infiltrated with lymphocytes, ver) 
marked m some places The bile ducts appeared normal 

The fossa of the gallbladder was lined by a layer of exudate containing leuko- 
cvtes, fibrin and masses of yellow pigment This exudate rested on a layer of 
granulation tissue, beneath which was a layer of fibrous tissue from which bands 
of fibrous tissue extended deeply into the adjacent liver tissue 

The gallbladder showed complete loss of nuclear stain The outline of the 
layers of the wall could be distinguished The mucosa and musculans showed no 
thickening or infiltration The outer coat was thickened and studded with masses 
of granular yellow bile pigment Sections stained for bacteria showed very few 
long filamentous, gram-negative organisms in the outer coat 

Abstiact of the Bactei lologic Rcpott (Ivan Hall, PhD) — Two specimens 
were taken from the field of operation 

The specimen from the blood around the tumor mass, after the surrounding 
adhesions were separated, showed a pure culture of an atypical Bacillus wclclm 12 
The specimen from the cavity proper also showed atypical Bacillus zvelchii in pure 
culture Ten cubic centimeters of blood from the median basilic vein three hours 
after operation was negative on culture 

Bactenologic culture studies at autopsy revealed the heart blood to be normal 
and the bile showed gram-positive filaments and rods resembling those isolated 
at the time of operation Three varieties of staphylococcus were isolated 
Mtct ococcus aniens, Mici ococciis am antiaciis, Mici ococcns epidcnms and Bacillus 
iei tins 

The Cutter’s triple anaerobic serum contains in each cubic centimeter 5,000 
gumea-pig minimum lethal doses of Bacillus oedematieiis (Bacillus novyi) toxin, 
3C0 rabbit minimum lethal doses of Bacillus welcliii 

This serum is similar to that de\ eloped by Weinberg and used b^ the 
French m cases of gas gangrene during the World War 


17 Henr^ , Herbert , and Lace) , klargaret J Path & Bact 23 283, 1920 
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COMMENT 

There was cholecystitis with cholelithiasis of consideiable duiation 
The patient’s first attack of biliary colic three weeks before admission to 
the hospital may have inaugurated the mcaiceration of the mulbeiiy 
calculus which was found at autopsy ulcerated through the wall at the 
neck of the gallbladder 

The walls of the gallbladder on microscopic stud}'^ disclosed patho- 
logic changes extending from the necrotic mucosa to the thickened 
peiicholecystic fibrous tissue The gallbladder was entiiel}^ sepaiated 
from the liver and the enveloping bridge of fibrous tissue 

The infection was of longest duration and of greatest intensity m 
that portion of the pencholecystic cavit}'’ coiiespondmg to the sulcus 
for the gallbladder This is evidenced by the microscopic slides and 
the small abscess deep in the liver margin of the sulcus 

It IS improbable that the infection was hematogenous, since the 
blood cultures both ante and j^ost mortem weie negative, fuithei theie 
was no gaseous emphysema elsewhere befoie oi aftei death Considei- 
ation must be given to the effect of the triple anaerobic serum which 
may have conti oiled whatevei blood infection may have been piesent 

Ascending or descending infection via the bile to the gallbladdei 
seems impiobable, because the mulbeny calculus blocked the cystic duct 
until It ulceiated through the neck of the gallbladdei When this 
occurred cannot be conjectuied This necrotic area furnished a favoi- 
able nidus for localization and giowth of the gas bacillus Intia- 
cholecystic accumulation of gas may have been a factor m the extiusion 
of the calculus The abscess cavity must have been developed before 
the extrusion 

Extension from the gallbladder is a possibility, but the microscopic 
studies are not suggestive 

Most likely the gas bacillus was an auto-infection extending diiectlv 
fiom the livei or indirectly from the livei to the pernesiculai tissue, 
the primar}' extension being across the bridge of adhesions bet^^ een the 
bowels, stomach, duodenum and colon and the under surface of the liver 
As the gallbladder was complete^ enveloped up to the cystic duct b^ 
a preformed, well developed fibrous tissue, adhesions were preiented 
fiom forming between the gallbladder and othei viscera, excluding 
direct extension to the gallbladder 

The intiamuscular injection of the triple anaerobic serum (Cutter) 
seems to ha^e had a favorable influence in controlling the gas bacillus 
infection 

The postoperatne course \\as remarkabl} smooth with no extension 
of the gaseous emplnsema until the pulmonar} embolus de\ eloped 
causing death on the fouith postoperatne da\ 



PRIMARY, ISOLATED LYMPHOGRANULOIMATOSIS 
OF THE STOMACH’" 

HARRY A SINGER, AID 

CHICAGO 

Ever since the time of Billroth, Plodgkin’s disease, by general 
agreement, has been excluded from the category of suigical diseases 
The reason for considering the disease as nonsurgical was due not so 
much to the technical difficulties entailed as to the unfavorable end- 
results The fact that pathologists subsequently demonstrated that the 
disease might begin as an isolated lesion did not alter the surgical status 
of the disease Appiisal of the occurrence of isolated lesions failed to 
modify previous opinion, because the organs described as the seats of 
primary involvement, such as the spleen, the liver, the bone-marrow 
and the lungs, either did not lend themselves to surgical extirpation or 
did not lead to clinical manifestations that might have permitted eaily 
recognition In the past few years, a number of patients with isolated 
lymphogianulomatosis of the gastro-mtestmal tract have been tieated 
by radical resection, generally undei a mistaken clinical diagnosis The 
results obtained in these cases are sufficiently favorable to challenge the 
prevailing noh-me-tangere policy and to call for a reconsideration of the 
question Of particular interest, especially in connection with the case 
here reported, are the isolated lesions of the stomach, the phase of the 
subject with which this paper will mainly deal For a summar}'- of the 
primary and limited intestinal cases, the reader is referred to Goedel ^ 
Slovacek,- Pissaiewa" and the splendid article of Coronini * 

The first case of strictly isolated lymphogranulomatosis of the 
stomach was reported by Steindl,'"’ in 1924 The preoperative diagnosis 
was gastiic carcinoma At operation an infiltrating tumor, involving 

Submitted for publication, Sept 23, 1930 

' From the Department of Medicine, University of Illinois College of Medi- 
cine, and the Department of Pathology, Cook County Hospital 

1 Goedel, A Zur Kenntnis des primaren, isolierten Darmlymphogranuloms, 
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2 Slovacek, O Prispevek k Ij mfogranulomatose zezivaciho traktu, Casop 
lek cesk 68 503 (April 5) 1929 

3 Pissareua, T Lymphogranulomatosis (Paltauf-Sternberg) des Ver- 
dauungstraktes, Arch f khn Chir 149 75 (Dec ) 1927 

4 Coronini, C Ueber das Paltauf-Sternberg’sche Lymphogranulom, Beitr z 
path Anat u z allg Path 80 405, 1928 

5 Stemdl, H Ueber emen Fall ^on L\ mphogranulomatose des Magens, 
Arch f khn Chir 130 110 (April) 1924 
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the pyloiic and piepyloiic legions, was found, togethei with a number 
of glands the size of a hazelnut in the adjacent lesser omentum and in 
the gastiocohc ligament Exploration of the remainder of the abdominal 
organs failed to disclose other lesions A lesection was peifoiined, 
and the patient made an uneventful recoveij^ Postoperative observa- 
tion over a period of a yeai yielded no evidence of recurience or 
development of othei foci Latei in the same yeai, Neuber ® piesented 
before the Eleventh Hungaiian Surgical Congiess a case of isolated 
Hodgkin’s disease that was chnicall}'^ diagnosed as ulcei Partial gastric 
lesection led to the discovery that the lesion was lymphogianulomatous 
In 1926, a case similar to that of Steindl was obseived in South Man- 
chui la by Kan ' A woman, aged 52, was operated on for a suspected 
carcinoma, and a gastric tumoi and three glands the size of a pea weie 
resected The growth, when examined microscopically, proved to be 
Hodgkin’s granuloma The postoperative course was uneventful for 
a month, when persistent vomiting set in and led to death Autopsy 
disclosed an obstruction at the site of the anastomosis and, m addition, 
lesions that weie diagnosed as those of an old case of tuberculosis of 
the apical and ceivical glands No othei morbid processes were noted 
gi ossly 

In May, 1926, von Redwitz ® presented a case before the Surgical 
Societ)'' of Munich, in which the preoperative diagnosis was peptic 
ulcer The p 3 loric lesion encountered at operation led to a suspicion 
of carcinoma and occasioned a resection The histologic diagnosis of 
the surgical specimen was Ijunphogianulomatosis The following year 
(1927) a detailed report was published by Thiemei “ dealing with a 
case of isolated gastro-intestinal lymphogranulomatosis observed at the 
clinic of von Redwitz Piesumably, the reports of both authors refer 
to the same case The histologic appearance of Hodgkin’s disease in 
the case of Redwitz and Thiemer was complicated b}'^ the presence of 
numerous foreign bodies and foreign-body giant cells Further diffi- 
cult} in the elucidation of the origin of the disease resulted from the 
circumstance that a month prior to admission the patient had drunk 
hi drochloric acid Following recovery from the operation, the patient 
left the hospital and did not return for observation In 1927, 

6 Reuber, E ^lagengranulomatose, Zentralorg f cl gcs Chir u ibrc 
Grenzgeb 31 309 1925 

7 Kan, J X Report on a Case of Lcmphogranulonia in ibe Stomacii, J 
Orient Aled 5 9 (Jub ) 1926 

8 ron Redwitz E \’ereinigung Munchener Chirurgen, Zentralbl f Cbir 
53 20S7 (\ug 14) 1926 

9 Tbiemer P H Zur Kasuistik der isolierten Limpliogniiulomatose de<> 
Magendarmtraktes, Deutsche Ztschr f Chir 205 404 (Sept) 1927 
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Fioboese^® described a case in a woman, aged 63, in whom a piepyloric 
tumoi and slightly enlarged lessei omental glands were resected for 
supposed carcinoma The micioscopic diagnosis was Hodgkins 
granuloma Following convalescence, furthei search for evidence of 
other lymphogi anulomatous foci yielded negative results 

An interesting case obseived by VasihiH^ in 1926 and reported in 
1929 was that of a medical student who was thought to be suftenng 
from a gastric ulcer Failure of i espouse to medical treatment led to a 
partial resection of the stomach and extirpation of the glands along 
the lesser curvature, one of which was the size of a walnut After 
recovering from the operation, the patient was able to finish hei medical 
course vithout ph 3 ^sical handicap, and she i\as still well when Vasihu’s 
manuscript was submitted for publication Other cases, such as those 
of Gossman and of Lubarsch,’^- which are referred to at times as isolated 
gastric Hodgkin’s disease, but in ivhich limitation to the stomach is 
questionable, are best omitted from the category of strictly isolated 
cases 

There are a number of cases leported, besides those cited, in which 
the lymphogranulomatosis was localized to the gastric region but not 
strictly limited to the stomach and the perigastric lymph glands The 
case described by Scott and Forman can be designated as regional in 
that the disease, although not limited to the stomach, had not spread 
beyond the contiguous structures According to these authors, the 
lymphogranulomatosis led to a shrinking and a thickening that extended 
from the p 3 dorus to from 3 to 5 cm be 3 '’ond the cardia into the esopha- 
gus The wall of the stomach was adherent to the upper pole of the 
spleen and to the diaphragm The perigastric and penpancreatic glands 
were enlarged There was no further evidence of overgrowth else- 
where, either in the l 3 nnph nodes or in the mucous membranes Ha 3 ^den 
and Apfelbach reported three cases of gastro-intestinal l 3 unphogranu- 
lomatosis, m one of which the disease was localized to the stomach and 
Its vicmit 3 " In a second case there was an associated involvement of 

10 Froboese, C Bermerkungen an der Hand eines Falles %on L 3 mpho- 
granulom des !Magens, Beitr 7 path Anat n z allg Path 77 363 (A.pnl) 1927 

11 Vasilm, T L’ulcere Ij mphogranulomateux gastroduodenal, Sang 3 257' 
1929 

12 Lubarsch, quoted b^ Konjetznj, G E Die Entzundung des Alagens 
Lymphogranulomatose, in Henke F , and Lubarsch, O Handbuch der spezielleii 
pathologischen Anatomic und Histologic, Berlin, Julius Springer, 1928, vol 4, 
part 2, p 1060 

13 Scott, E, and Forman, J Li mphoblastomata of the Gastrointestinal 
Tract tVith a Report of a Case of Hodgkin's Disease of the Stomach, Ohio State 
M J 12 323 (May) 1916 

14 Haiden H C and Apfelbach, C W Gastro-Intestmal Li mphogranulo- 
matosis A.rch Path 4 743 (Xoi ) 1927 
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the lower mediastinal lymph glands In the case reported by Sussig/" 
m a man, aged 42, the piimaiy lesions was located in the pars media on 
the lesser curvature of the stomach and adheient to the pancreas and 
the liver The mesocolon and the root of the mesentery were infiltrated, 
and the perigastric, periaortic and penpancreatic lymph glands were 
enlarged The reason for separating the regional from the strictl}^ 
isolated cases is that the foimer are too extensive foi suigical extirpa- 
tion 

A great deal of circumspection is necessary before a case of gastio- 
intestinal l 3 miphogranulomatosis can be considered as stiictly isolated 
Gross lesions may be present m oigans inaccessible to the surgeon who 
performs the operation and, therefore, they may be entii ely overlooked 
Pissarewa® mentioned a case obseived by Pokotilo and Busni, in which 
a lymphogranulomatous cecum was the only lesion discovered at opera- 
tion Postmortem examination disclosed a solitary granulomatous node 
in the spleen In case 2 repoi ted by V asihu,’^^ m which a gastric resec- 
tion for Hodgkin’s gianuloma had been performed eight hours ante- 
mortem, the autopsy likewise revealed a small nodule in the spleen 
Even an autopsy does not insure the discoveiy of lesions outside of the 
digestive tract unless a microscopic search is instituted In a case of 
diffuse l 3 anphogranulomatosis of the intestinal tract with perforation 
of the jejunum, recorded by Warfield and Kiistjansen,^® the splenic 
and hepatic involvement was a micioscopic revelation The generalized 
natuie of the process m the case of Bianchi,^’ in which the principal 
gloss changes were localized in the stomach, was detected by histologic 
means Under exceptional circumstances, even the most j^amstaking 
gloss and microscopic examination ma}'^ be insufficient to discovei the 
pnmarjr soui ce, as in the case described by Stei nberg This authoi 
cited an instance of gastiic Ijunphogranulomatosis in a person who, six 
yeais prior to death, was treated b 3 '' loentgen raj'^s foi a large mediastinal 
tumor No remnant of the growth which, according to Steinbeig 
indubitabl 3 ^ represented granulomatous glands could be identified at 
autops}'- 

The case here reported is unique in the literature on Ijmphogranu- 
lomatosis of the stomach m that it is the only one so far as could be 
ascertained, in which a careful clinical history and a gross and micro- 
scopic struty of the tissues obtained at necrops}'^ shou ed that the disease 
was limited to the stomach and the pengastiic ^mph glands The othei 

15 Sussig L Sul linfogranuloma nialigno dello stomaco, Patliologica 21 397 
(A.ug 15) 1929 

16 Warfield, L and Knstjansen, H T Hodgkin s Disease of tlie Intestines 
vith Report of a Case, Bull Johns Hopkins Hosp 27 24 (Jan) 1916 

17 Bianchi, A E Granulomatosis Semana med 1 432 (March 10) Jl'-- _ 

IS Sternberg C Die L-s mphogranulomatose Klin ■WcJinschr J- 

(ilarch 19) 1925 
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cases of isolated Hodgkin’s disease refen ed to were, with the excep- 
tion of Kan’s, surgical cases in which opeiation was followed by 
recovery, and examination of other tissues was therefoie precluded 
111 Kan’s case an autopsy was performed, but a complete microscopic 
study was not made post mortem, at least so far as can be determined 
fiom the rather complete summai}'^ of the case m English 

CASE REPORT 

M G , a white man, aged 62, who first entered the Cook Count} Hospital on 
June 30, 1928, stated that in October, 1926, he began to notice a burning pain in 
the left hypochondnum , it appeared regularly at 4 p m and lasted until the 
evening meal On account of this distress cholecystectomy and appendectomy were 
performed m IMa}, 1927 Subsequent to the operation, the pain appeared following 
each meal, usually after an interval of from one-half to four hours Eructations 
of acid were particularly prominent in the afternoon The ingestion of soda was 
tried a number of times, but it failed to afford relief The effect of food on the 
pain had not been tested At the age of 28 the patient had suffered from post- 
prandial, epigastric burning of one month’s duration Tablets prescribed b} a 
physician appeared to check the attack The patient remained well for five years, 
then he suffered from an excruciating knifehke pain in the epigastrium, which 
required morphine for relief A similar attack occurred fi%e }ears later, at the 
age of 38 In 1912, a brief siege of “water-brash” of tw'o months’ duration, unas- 
sociated with pain, was experienced From that time until October, 1926, the 
patient had no complaints Aside from loss of appetite of six months’ duration 
and a loss of 30 pounds (13 6 Kg) during the eighteen months of illness, a 
general inventory of s}mptoms afforded no significant information 

The temperature and the pulse and respiratory rates w'ere normal The blood 
pressure was 138 systolic and 72 diastolic Except for the presence of a scar on 
the right upper guadrant, abdominal examination gave negative results Examina- 
tion of the blood revealed hemoglobin, 60 per cent, erythrocjtes, 3,330,000, white 
blood cells, 7,600, of which 76 per cent were neutrophilic leukoc}tes, 20 per cent 
lymphocytes and 4 per cent monocytes The Ewald meal yielded 60 cc ivith 45 
per cent free and 18 per cent combined acidity Of four stools passed on suc- 
cessive days, the first two gave a positive and the second twm a negative test for 
occult blood The Wassermann reaction of the blood was negative A roent- 
genogram of the stomach (fig 1) demonstrated a constant shallow irregulant} 
on the lesser curvature in the prepyloric area, opposite which w'as an mcisura 
Projecting from the proximal margin of the incisura w^as a persistent niche The 
roentgen diagnosis was indeterminate 

The patient improied steadih on Sippy management, but the response was 
neither as rapid nor as complete as is usual in cases of uncomplicated ulcer The 
patient left the hospital on Juh 30, 1928, A\ith instructions to report to the gastro- 
intestinal follow-up clinic A.t his first \isit to the clinic on August 2, he weighed 
144 pounds (65 3 Kg ) He was placed under ambulatory management for ulcer 
and W'as permitted to return to his occupation He gamed weight and strength 
and except for slight pain that could be controlled bi returning to a strict regimen 
he felt well He Msited the clinic last on Juh 18, 1929, when he weighed 161 
pounds (73 Kg ) and stated that he was haaing no pain 

Tlie patient reentered the hospital on ^March 18, 1930 asserting that following 
discharge in Juh, 1928, he remained rclatneh simptom-free lor three months 
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Alter that time the previous burning paui returned at irregular intervals, but it 
was merely diurnal and remained amenable to treatment Three months prior to 
his second admission, in December, 1929, he began to suffer from pain at night, 
and si\ weeks later the epigastric burning became almost continuous The alkaline 
pow'ders, according to the patient, served as “kindling for the internal fire” during 
the latter stage Vomiting after the ingestion of food, w^hich previous!}' occurred 
occasional!) , now' appeared almost daily Emesis afforded only partial relief 
Within the last few weeks complete anorexia had appeared The loss of weight 



I ig 1 — Roentgenologic appearance of the stomach on July 24, 1928 The 
prepilonc deformity was constant fluoroscopically and in a senes of films 

during the two months preceding admission was estimated as 10 pounds (4 5 Kg) 
The accompammg weakness was profound 

Plnsicall), the patient was fairh well nourished and did not appear anemic 
Abdominal examination disclosed, in addition to the prcMOus operatnc scar, a 
midepigastric mass which W'as freely mo\able and de\oid of tenderness No other 
noteworth) abnormalities were recorded Aspiration after an Ewald test meal 
jielded 120 cc of gastric contents with 18 per cent free and 30 per cent combined 
aciditi The chemical test for occult blood was positne both for the contents o 
the stomach and lor those ot the stools Roentgen examination of the stomach 
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with barium sulphate (fig 2) demonstrated a constant annular deformity of 
irregular density and contour in\olving the pars pjlorica and the distal portion of 
the pars media This lesion occasioned retention of 50 per cent of the six hour 
meal The roentgen diagnosis uas carcinoma The Wassermann reaction Avas 
negative 

The patient was transferred to the surgical service with a preoperative diag- 
nosis of gastric carcinoma superimposed on a peptic ulcer Laparotomv, performed 
on April 4, 1930, disclosed a semielastic tumor invohing the distal third of the 



Fig 2 -—Roentgenogram of the stomach taken on lilarch 27, 1930, demonstrating 
the annular constricting deformit} imohing the pars pjlonca and the distal por- 
tion of the pars media 

stomach, with a number ot enlarged perigastric glands as large as hazelnuts The 
surgeon decided to delaA radical resection until the general condition of the patient 
could be improved through relief or the obstruction He thcrelorc performed a 
posterior gastro-enterostoinj Convalescence was uneventful until the morning ot 
April 23 nineteen davs alter operation, when the patient complained of epigastric 
pain Shortlv before midnight emesis occurred and this was repeated several 
times on the following dav -Xcutc gastric dilatation w is suspected, and lavaue 
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was instituted On the morning of April 25, the patient complained of abdominal 
pain, but he was not beliered to be in a serious condition In the afternoon, fol- 
lowing copious emesis of a greenish fluid, the patient rapidly weakened and died 

Autopsy— The postmortem examination was made by Dr R H Jaffe, who 
pointed out the following pertinent conditions Although the abdomen was some- 
what scaphoid, the stomach, duodenum and proximal jejunum were enormously 
dilated The lack of abdominal distention was due to the fact that the gastric 
dilatation involved merely the proximal two-thirds, which buried itself subcostallv 
and forced the diaphragm upward The distal one third of the stomach lacked 
distensibihty on account of the presence of a rigid infiltrating tumor Eleven 
centimeters from the duodenojejunal junction, the intestine was twisted at an 
angle of 90 degrees, and it was surgicallj'- anastomosed to the stomach Through 
the loop formed bj' that portion of jejunum that was fixed by the ligament of 
Treitz on the one hand and the point of anastomosis on the other, herniation of 
the remainder of the jejunum and all but the terminal ileum had occurred The 
herniated loops were readilj' reduced, and normal conditions ivere therebj’’ restored 
Death was assigned directlj to the high-lying obstruction caused by the internal 
incarceration 

Except with regard to the stomach and perigastric lymph glands to be described 
111 detail, the postmortem observations require no elaboration for purposes of this 
paper A painstaking search disclosed no gross evidence of lymphogranulomatosis 
other than in the stomach, the beginning duodenum and the perigastric lymph 
glands The essential changes noted at necropsy are epitomized m Dr Jaffe s 
anatomic diagnosis, which was Hodgkin’s lymphogranuloma of the distal portion 
of the stomach, the beginning duodenum and the perigastric Ij mph glands , recent 
gastrojejunostomy, herniation and incarceration of the small intestines through 
the anastomotic loop , high intestinal obstruction , recent fibrinous peritonitis , 
chronic focal bronchopneumonia of the left lower pulmonary lobe , inflammatory 
softening of the spleen, cloudj' swelling of the liver, the kidneis and the myocar- 
dium, generalized emaciation, brown atrophy of the myocardium, endocardial 
sclerosis, and fibrous obliteration of both of the pleural cavities 

Gloss Dcscnption of the Lympliogiaiiulomatous Lesions — The stomach was 
greatl}^ enlarged, owung to a marked dilatation of the proximal tw'o-thirds The 
distal one-third, wdiich w'as free from distention, was the seat of a soft, somewdiat 
elastic infiltration wdiich began 7 5 and 23 cm proximal to the pyloric ring on the 
lesser and greater cun attires, respectively, and terminated 2 2 cm distal to the 
pvloroduodenal junction There was no gross extension of the tumor beyond 
the gastric or duodenal walls 

On opening the stomach (fig 3), the dilated portion was seen to be finely mam- 
millated, de^old of rugous folds and intact The wall w-as thinned in proportion 
to the degree of distention of the organ A recent, functioning gastro-enterostonn 
stoma was present on the posterior -wall proximal to the infiltration A tumor 
occupied the distal one third of the stomach, and had produced a marked thicken- 
ing of the gastric wall wnthout leading to stenosis of the lumen The circum- 
ference of the piloric ring, as measured on the inside of the stomach, was 4 cm 
The gastric circumference was 7 5 cm at a point 2 cm proximal to the ring The 
lining of the infiltrated portion of the stomach was graiish white and extcnsneh 
ulcerated The ulcerations were for the most part superficial and irregular in 
outline, and the\ possessed sloping edges Nowhere did the base of an ulcer 
extend below the nneau of the normal mucosa The borders of the infiltrate 
were slighth raised and could be clearh defined, the proximal one being roiiglilv 
scalloped and the distal one onh slighth waw in oiitlme 
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The cross-section of the wall of the stomach m the imohed area (fig 4) 
exhibited a striking increase in thickness, which reached its maximum at a point 
5 cm proximal to the p\ lorus w here it measured 2 5 cm In passing both caudad 
and craniad from the point of maximum thickness, there w^as a gradual tapering 
dow'ii until the limits of the tumor were reached The increase in thickness was 
due to graMsh-w’hite, homogeneous, adenoid-hke tissue, succulent and semifirm in 
consistenc}" The identification of the indnidual lajers w’as obscured except at 



Tig 3— The interior part of the stomach The greater portion of the anterior 
wall has been remoied The gastro-enterostom% stoma is situated proximal to 
the upper margin ot the granulomatous infiltrate 

the extremities of the growth where the gra\ nniscuhris could be seen subjacent 
to the white toreign tissue 

\ number ot the Ijmph glands m the gastrohepatic omentum, located in the 
prepiloric area were increased in size the largest measuring 3 cm m diameter 
The tissue comprising tliese glands was identical with that noted in the stomach 
\ few prepiloric glands similar to but smaller than those m the lesser omentum 
were found m the gistrocolic ligament The penpancreatic and pcrnortic glands 
were not enlarged 
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Mtcioscopic Dc<;cnptiO!i —Sections from various portions of the stomach and 
from the P 3 doroduodenaI junction showed essentialh the same changes and there- 
fore lend themselves to a composite description Figures 5 and 6 furnish repre- 
sentative pictures of the histopathologic condition found Since the morphologic 
details differed m no wav from the microscopic appearance of Hodgkin’s disease 
found elsewhere, the finer minutiae can be omitted 

The mucosal lajcr was almost completely replaced b> a granulation tissue 
consisting of short, spindle-shaped fibroblasts and thin-walled capillaries, in which 
the following types of cells were embedded round cells of a lymphocytic charactei 
mainly small , larger cells with barelj discernible cytoplasm containing large, oval 
and round, pale, vesicular nuclei, eosinophils and plasma cells of the usual type, 
distinctive giant cells with large, round, irregular or lobulated nuclei that were 
rich in chromatin wuth distinctlj’^ oxvphilous nucleoli At times these giant cells 



Fig 4 — Cross-section of the gastric wall taken from the region proximal to 
the area of maximum thickness 

(Sternberg-Reed) appeared multiiuiclcated The round cells and histiocjtes pre- 
dominated Eosinophils were prominent, whereas plasma cells were encountered 
relatnelj' mfrequenth The Sternberg-Reed giant cells were numerous, as manv 
as 15 being found in a single, high power field OnK a few’ wideh separated, but 
well preserved, glandular elements remained to indicate the site of the original 
tunica propria The miiscularis mucosa w’as almost completelv destroied 

The prodigious thickening of the iinohed area was due mainh to the increase 
of the submucous laaer, which in places constituted as much as nine tenths of the 
gastric w’all Throughout the iniohed portion the infiltration in the submucosa 
passed iinperceptibh into the oierhing mucosa Where the iinohcment was 
minimal, the cellular accumulations of the submucosa were separated from the 
miiscularis bi a condensation of collagen fibers onh slighth infiltrated b\ cellular 
elements In approaching the areas of maximum nnohement, this fibrous septum 
became more and more obscured In extensions of dense cellular infiltrates which 
obliterated the zone of dnision b-'tween the submucous and muscular laiers In 
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a number of areas, the polymorphocellular character of the mfiltrate nas striking 
whereas in other areas consisting mainl) of histiocjtes the appearance was rela- 
tively uniform The invading and proliferated cells comprising the submucosa 
were identical with those found in the mucosa 

The muscular lajer appeared fairly normal in the areas of least iniohement 
As the region of mavimum infiltration of the gastric wall Mas approached, eN.ten- 
sions from a fibrous layer in the floor of the submucosa insinuated themsehes 
between the bundles of muscle Progressing still further, one found numerous 
cells embedded in, and augmenting, the invading fibrous septums The muscular 



Hg 5 —Photomicrograph of the mucosa, illustrating the pohmorphocellular 
character of the granuloma , X dOO 


h\cr still retaining its ukntiti, was notabh mcrtastd in thickness as a result of 
this hbrocellular incursion GradinlK the cellular elements became more and 
more numerous and the elements of the muscle and the conncctnc tissue less and 
less conspicuous, until the\ were completcK obscured The indnidual cells com- 
prising the infiltrates did not differ from those present in the oicrhnig laicrs 
\ slight increase of the serous coat due mamh to fibroblasts and edema 
fluid was noted m the portions with minimal thickeniim Pass ng toward the are i 
ot greatest nnohement one found that the laacr hccamc iiuadcd he m riereisiiig 
number of cellular elements until the point was readied wliert the tiiiekeiied 
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serosa coalesced with the musculans Here, identification of individual layers was 
impossible, and the entire gastric wall assumed a uniform appearance The infil- 
trated cells of the serosa were mainly of the round type, associated principally wnth 
plasma cells and histiocytes Sternberg-Reed giant cells W'ere infrequent in this 
la3"er 

The histologic appearance of the Ijmph nodes located m the region of the 
tumor w'as practically identical with that of the gastric w'all m the region of 



Fig 6 — \ field from the mucosa evhibitmg the pleomorphism and finer 
morphologic structure of the Sternberg-Reed giant cells, X 1,100 


maximum iniohement The characteiistic polj morphocellular granulomatous tis- 
sue, with an abundance of monolobulated and multilobiilated giant cells, was well 
exhibited Changes suggestn e of Hodgkin s disease w ere not noted in other 
sections 

COilXIENT 

That Hodgkin’s disease mat begin pninanh, not onl} m I}mpli 
glands, but also in the adenoid structures of various organs is firmh 
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hmphogianulomatosis Biebl lecoided that a man, aged 25, who 
complained of symptoms leferable to the lowei part of the abdomen, 
undeiwent lesection of the small intestine and the attached poition 
of the uiinai}^ bladdei on June 12, 1920 The microscopic diagnosis 
nas 1) mphogi anulomatosis The patient remained well foi five years 
vhen symptoms leferable to the upper part of the abdomen appealed 
These had been piesent six months when, on Dec 31, 1925, the patient 
nas opeiated on foi a peifoiatn^e peritonitis and 40 cm of lynipho- 
gianulomatous jejunum was resected White nodes and infiltrates Avere 
111 the omentum and the mesentery The patient again made an 
uneA^entful lecoveiy and returned to his occupation as a farmer 

Since available evidence indicates that surgical measures are of value 
m the tieatment foi isolated gastric Ijnnphogranulomatosis, it follows 
that the diagnostic aspects of the disease merit consideration In no 
case of piimaij, isolated, gastiic Hodgkin’s disease has the diagnosis 
been made prior to the operation or autopsy This statement is not 
sui prising in Anew of the fact that clinically there is no local featuie 
of the disease that, m the piesent state of knoA\ ledge, is distinctn^e 
Caicmoma oi ulcei is geneiallj diagnosed, paiticularly the formei 
Chaiactenstic systemic manifestations aie, as a rule, lacking in the 
localized stage Paroxysms of feiei (Pel-Epstein), Avhich are highly 
suggestive of Hodgkin’s disease, aie generallj" absent until the disease 
becomes more oi less disseminated Sussig’s patient, in Avhom the 
disease Avas not actually isolated, but lather localized to the region of 
the stomach, suffeied fiom an intermittent type of high temperature 
AAhich leached 41 C (1058 F) In all three cases of lymphogranu- 
lomatosis AVith gasti o-mtestinal iiiA’^oh'^ement obseiA'^ed by Sussig, he 
noted the association of an intermittent fevei, a broAimish-red discoloia- 
tion of the skin and excessiA^e desquamation of the epidermis involving 
especially the soles and the palms Other authors hai^e not obscived 
this sjndrome, and therefoie no diagnostic importance can be attached 
to it The hematologic featuies of eosmophilia and monocytosis are, 
like feA^ei, usually absent in cases Avith isolated lesions In the case of 
Bianchi in Avhich the diagnosis of Hodgkin’s disease Avas made on 
hematologic and clinical CAudence, the gastric lesion foimed onh part 
ot a generalized iiiA^olvement 

Although isolated gasti ic lymphogranulomatosis cannot be diagnosed 
b} current clinical methods the lesion usually leads to surgical explora- 
tion A\ hen its presence can at least be suspected Steindl “ noted in his 
case that the pjloric tumor was flat infiltrating soft and resilient and 
AAas accompanied h\ inanA isolated glands as large as a hazelnut From 
tlie gross characteristics of the gastric tumor and the adjacent nodes 

^0 Biebl M Beitrag ziir intcstmalen L\ mpliocininiInimto<;c Dtut'-clie 
Ztschr 1 Chir 198 104 f Uig ) 1926 
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he suspected the piesence of a I3 mphosarcoma or tuberculosis In 
Kaznelson’s desciiptioii of operative obsei\ations, he mentioned a 
circular infiltration of the p^Iolus uhich gave the impression of a 
benign stenosis lathei than of a malignant condition The raesenteiic 
lymph glands weie lecorded to be from the size of a hazelnut to that 
of a V alnut In the case here reported the gastric infiltration resembled 
that found in syphilis of the stomach, but the numbei and character of 
the glands uere not in accord with a diagnosis of gastric s}philis 
From a consideiation of the facts a^allable, the disclosme at opeiation 
of a soft, flat, infiltrating tumoi limited to the distal poition of the 
stomach, associated wath man} isolated, relative!} large, soft, cream- 
coloied, succulent glands, should arouse the suspicion of a gastric 
lymphogranulomatosis Theie is another type of 1 } mphogranulomatous 
infiltration in w Inch the gasti ic folds beai a close resemblance to cerebi al 
convolutions as desciibed by Sternbeig^® This foim tends to iinohe 
the stomach diftusely and can readil} be confounded with gastric 
aleukemic 1} mphadenosis 

For a final diagnosis the use of the microscope is indispensable 
Even aftei histologic sections aie available, the inteipietation is not 
ahvays a simple mattei especially m the eaih stages, as exemplified in 
the initial biops} of the generalized case lepoited b} Hayden and 
Apfelbach The main difficult} lies in distinguishing between 1 } mpho- 
sarcoma and 1 } mphogranulomatosis In the case of Hodgkin’s disease 
repotted by Teiplan and Wallesch-- the microscopic changes in blocks 
from certain parts of the gasti o-mtestinal tract did not permit diftei- 
entiation from a 1\ mphoblastic sarcoma Difterentiation between 
lymphosarcoma and Hodgkin’s disease could not be made from tbe 
histologic appeal ance of the pi unary tuinoi in the case described b\ 
Painperl and Terplan In the adjacent mesenteric h mph glands, 
how'ever, the morphologic appearance was chaiactenstic of Kinpho- 
granulomatosis Another possibiht} of error m bioptic diagnosis, 
which IS 1 emote, howe^er, was mentioned b} KonJet7n^ This author 
lecoided a case of colloid carcinoma of the p\lorus with carcinomatous 
glands m the adjacent area and hinphatic nodes as large as walnuts 
extending along tbe lessei cur\ature and reaching to the cardia The 
latter glands which at the operation were assumed to be carcinomatous, 
proNcd microscopicalh to be 1} mphogranulomatous 

21 KizncFon P Ueber eincn Pall Aon >s'i<:clienbildun£r and PUorusstcnocc 
infolca L\ mphounniilom-ito'sc dc<; Masrcns Wien \rcli 1 inn ATed 7 117 1923 

22 Tcrphn K and W ilU-ch E Em Fall \on intevtimler L^mpIlo'^ranuIo- 
matosc Mtd Klin 19 142S (Oct 28) 1^2) 

2> Pamperl R and Ttrphn C Em Beitracr nir mte-tmdcn l\mpbo- 
gnnuloimiost Med Klin 21 1679 i \n\ G) 192' 
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The eftect of niacliation on lymphogi anulomatous tissue, especially 
in the h3'^perplastic stage, lenders the loentgen rays of some diagnostic, 
as well as theiapeutic, value When suigical inteivention is contra- 
indicated, a response to loentgen treatment would place the case in the 
group of so-called malignant lymphomas Holmes, Dressei and Camp 
recorded a case m a woman, aged 64, who had been leceiving tieatment 
with roentgen rays foi enlarged peripheial lymph nodes, which weie 
pioved by biopsy to be lianphoblastomatous The development of 
gastric symptoms led to an examination wuth a baiium meal An 
inegular filling defect devoid of peristalsis was found involving the 
lowei third of the stomach Aftei loentgen irradiation the gastric 
S}mptoms lmplo^ed, and the filling defect diminished in extent, it 
became difficult of demonstiation and no longer interfered with the 
passage of peiistaltic waves Little need be said regaiding the thera- 
peutic value of the roentgen ra3^s in inopeiable gastric lymphogranulo- 
matosis If nothing more, at least a gieat deal of suffeiing can be 
spaied the patient b3^ the judicious use of the roentgen ra3^s In any 
case m which the possibiht3 of a l3anphogi anulomatous piocess ina\ 
be entei tamed, the suigeon should remove a gland for biops3'^ If cai- 
cmoma is dlsco^eled nothing is lost If, on the other hand, the tumor 
pioves to be Hodgkin’s disease, the patient’s suffering may be amelio- 
lated and his life prolonged by loentgen theiap3 

SUMMARY 

Pathologists have knowm for inan3^ 3'-ears that l3miphogi anulomatosis 
ma3 have its ongm, not only in lymph glands, but in any oigan oi stiuc- 
tuie that normalh contains adenoid tissue The fact that piiinaiy 
grow'ths weie known to occur in the spleen the Iner, the bone-man ow^ 
and the lung atti acted little surgical attention on account of the inheient 
difficulties that lav m the w^a3 of eaily diagnosis and of surgical extir- 
pation With legal d to primar3' diseases of the gastio-mtestmal tiact 
and particularl3'- of the stomach, piompt manifestations aie the lule, 
diagnosis of the piesence of a lesion is not difficult, and surgical 
lemoval is relativel3 safe 

Six cases of piimar} isolated Hodgkins disease of the stomach 
are lecorded m the hteiature The preoperative diagnosis was either 
carcinoma or ulcei and gastric resection w^as performed m all of them 
Five patients reco\eied and remained w'-ell for as long as thev w'cre 
observed A sixth patient died, a month after operation, from obstuic- 
tion at the stoma No gross CMdence of othei h mphogranuloinatous 
lesions was found post mortem, but no mention of microscopic exami- 
nation of the \arious organs was made The seventh case of isolated 
Hodgkin’s disease of the stomach the first to be repotted m t us 
countrv, is unique m that a complete bistort and a painstaking gross 
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and nnciosco])ic examin.ition at iiLCiopss tailed to disclose an} pi c\ ions 
ni associated lesion elsew liei e in the lK)d\ 

'J he clinical diai^nosis of isolated l\inplio',n.inuloni.itosis ol the 
stomach IS haidh possible in the piesent state of knowledt'C i he 
sesiemic and hematologic mamfestations aic u:eneiall} absent when 
the lesion is still in the opei.ihle stage \t opeiation the piescncc 
ol a solt flat mliltiating tumoi stiicth limited to the distal pot lion of 
the stomach associated with a dispiopoitionate numhei of large, suc- 
culent isolated adenoid-likc glands sliould suggest the possihiht} of 
a 1\ mphogi anulomatosis '1 he final diagnosis is a histologic one In 
an\ case ol inopei.ihle tumoi of the stomach in which the possihihu 
ol Hodgkins disease is to he considcied hiO])S} should not be omitted 

l^\en when a caietul exploiation fails to demonstiate e\idcnce of 
gianulomatous tissue othei th.m th.it extiipated, a guaided piognosis 
should be made Gioss lesions in inaccessible legions and microscopic 
iinohement of the stiuetuics examined at the opei.iting table mae 
coexist without the possihiht} ol detection When the extent of 
Iinohement pieeludes lescetion the patient should be gi\en the benefit 
of loentgen theia])} 

24 Since the coinplction ol tins manuscript ni\ attention was directed to an 
article h\ Dr V C l)\\id (Pscudocarcinoma ol the Stomach, \im Surg 87 555 
[ \prill 1928) 111 winch he describes a woman, aged 50 who had sulTcrcd from 
abdominil comphint- for three months and who presented roentgen ceidence of 
a hllmg defect of the antiiiin A. preopcratiec diagnosis ot cnicinoma of the 
stonnch was made Tlie gastric tumor which was resected b\ Dr Dean Lewis 
proecd microscopicalU to be hmphogranulomatous The report stated that siib- 
sequenth enlarged glands dee eloped, which receded under roentgen treatment, 
following which a rectal mass, presumabh a Hodgkins infiltration, appeared A 
personal communication from Dr Dean Lewis indicates that no lesion other than 
the one in the stomach was demonstrable at the time laparotome was performed 
and that for o\er two \cars no other ceidence of Hodgkin’s disease could be 
detected 
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In a pievious communication ^ we lepoited on a clinical study of 
foity-seven cases of pancieatic C 3 sts tieated siugically at the Mayo 
Clinic in the last ten yeais In this papei we shall consider (1) the 
pathogenesis of C 3 sts of the pancieas, (2) oui classification and (3) the 
pathologic manifestations of such cysts As a basis foi oui study, we 
leviewed the hteratuie, the records at the clinic and the operative and 
neciopsy material obtained in eighty-eight cases of cj'^sts of the jiancreas 
treated surgically, as well as that in twent}'^ cases m which such cysts 
weie discoveied incidentally at neciopsy 

Comparatively little experimental woik has been done on the pio- 
duction of cysts in the pancieas Senn ® ligated the pancieatic duct in 
dogs but was unable to produce a cyst, although it appealed that ectasia 
of the duct followed the ligation He concluded that factors othei than 
mere obstruction weie instrumental m the production of cysts He sug- 
gested that the secretion failed to absoib Thiioloix “ ligated the acces- 
sory pancreatic duct in the dog and injected 7 cc of a mixtuie of soot 
and phenolized liquid peti oleum into the duct of Wiisung The vertical 
part of the gland was lemoved A laige c)St was found in the splenic 
portion of the gland when the animal was killed almost thiee months 
latei This cyst contained cleai fluid and hard iriegulai calculi of 
about 1 mm m diametei Lazaius ciushed the pancieas of a dog and 
produced a hematoma Six weeks latei a c) st “the size of a goose egg,” 
which contained a milky fluid, was found Bmet and Biocq^ injected 

* Subinitted for publication, Maj' 16, 1930 
Work done in the Section on Pathologic Anatomy, the Majo Clinic 
' 1 Judd, E S , JIattson, Hamhn, and Mahorner, Howard R Pancreatic 
Cysts Report of Fortv-Seien Cases, Arch Surg 22 838 (Mai) 1931 

2 Senn, Nicholas The Surgerj of the Pancreas as Based upon Espen- 
ments and Clinical Researches, Am J M Sc 92 141 (Tub) 1886, 93 121 1887, 
Experimental Surgery, Chicago, W T Keener, 1889 

3 Thiroloix, J , quoted bj Oser Diseases of the Pancreas in Nothnagel 
Encyclopedia, Philadelphia, W B Saunders Compain 1903 

4 Lazarus Paul Beitrag zur Pathologic und Therapic der Pankreascr- 
krankungen mit besonderer Berucksichtigung dcr Cisten und Steme, Ztsclir 
khn IMed 51 95 and 203 1904 , 52 146 and 381, 1904 

5 Binet, Leon, and Brocq Pierre Reproduction expenmentalc de n pan- 
creatite hemorrlngique a\ec steato-necrose et du pseudo-kiste panercatique par 
I’lnjection de sels de calcium dans le canal de Wirsung Compt rend boc c 
biol 83 341 (klarch) 1920 
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,i solution ol cakiuni (.lilondc into the diul of Wiisnnt,^ of ,i doi^ and 
pioditced acute heinonhaifie pancitatitis, and in one instance a pseudo- 
ex st 'ihex coneluded that the le.ietion icsulted fiom the actuation 
of the tnpsinoiTen hx the c.ileutni thloiide, since it did not lolloxx tlic 
injection of a solution of sodium iluoiide Opie '* called attention to 
the lelaltonship hetxxeen diseases of the jianeieas and the ohstuiction of 
the noimal outfloxx of bile h\ a stone in the common bile duct \rehi- 
hald ■ found th<il bile nueeted into the ji.UKieatie duet piodiced pan- 
eieatitis if the bile xxas inleeted the lesults xxcie moie maiked 

It max he said that most of the t\peiimental cxidenec eonceiniu" the 
j induction of exst of the paneieas is meonclusixe ’^'et the lesults, xxhen 
con elated with elinieal ohseixations m man thioxx liithl on the mannei 
m which ceitain of these ex sis ate foimed 

\ftei a studx of the diiteient txpes of exsts ot the paneieas xxe 
made a cl.issifie.itinn xxhieh is based on then etioloijx 

I Ccsls restiltmg from dtfectut (kcciopnitiU 

(1) Cxsls m infatUs 

(2) Ccsts associated witli poKtcsiic disease of tlic kidnee 

(3) Dermoid exsts 

(4) Inclusion exsts 

11 Cxsts resulting from traunn 
III Retention exsts 
I\ Neoplastic cjsts 

(1) Cxstadcnoma 

( 2) Cx stadenocaremom i 

(3) Teratomatous exsts 

\ Cxsts resulting from parasites 

CYSIS RUSULFING IKOM DLIlXriVn DCVnLOPXtLNl 

Cvx'fx’ tn Infants — Fault of dcxxlopment of an acinus oi a duet in 
some instances appaientl} plajs a part m the formation of cysts ot the 
pancreas Such c}sts aie found laiely m infants Connolly® lepoited 
a case in a child aged 14 months Railton * lepoited a case of panel eatic 
cyst in a child aged 6 months, and Eha leported a case in an infant 

6 Opie, E L The Relation of Cholelithiasis to Disease of the Pancreas 
and to Fat Necrosis, \m J M Sc 121 27 (Jan ) 1901 , Diseases of the Pancreas, 
Philadelphia, J B Lippmcott Companx, 1910 

7 A-rchibald, E The Experimental Production of Pancreatitis m Animals 
as the Result of the Resistance of the Common Duct Sphincter, Surg Gjnec 
Obst 28 529 (June) 1919 

8 Connollx, D I Note on a Case of Pancreatic Cyst in a Child A.ged 14 
Months Lancet 1 803, 1911 

9 Railton, T C A Case of Pancreatic Cjst in an Infant Brit Iil J 
2 1318, 1896 

10 Eha, C E Case of Congenital Pancreatic Cjst, J A, M A 78 1204 
(April 29) 1922 
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aged 5 months He thought that the C3'st was congenital The pait 
that trauma at biith may have played cannot be overlooked 

Cysts of the Panaeas Associated zvith Polycystic Disease of the 
Kidney — Cysts of the panel eas, like those of the Inei, aie sometimes 
associated with polycystic disease of the kidneys In one of oui necropsy 
cases, bilateral pol3^cystic kidneys, multiple cysts in the livei and a few 
C3Sts in the head and the adjacent part of the body of the pancreas, of 
fiom 1 to 2 mm in diameter, were found These cysts weie thin- walled 
and contained clear fluid The3'^ were lined with a single la3'er of cuboidal 
epithelium Kaufmann also obseived C3^sts in the panel eas associated 
with potycystic disease of the kidneys Judd found a congenital cystic 
kidne3 at an operation that was performed for C3’’st of the pancreas 
Dei mold Cysts — In the pancreas, dermoid C3'sts aie rare One was 
lemo^ed success full3'’ by Judd the case was lepoited in detail by Masson 
and Ca3loi Another case was repoited b3 Dennis’^* These C3^sts 
contain haii and caseous material, and mici oscopically the walls show 
the pictuie chaiacteiistic of dermoid cysts (fig 1 ) 

Inclusion Cysts — These cysts have developed in an oigan from cells 
which aie not noimally theie, but which weie incorpoiated in the organ 
from some extianeous tissue by a fault of development m embryonal 
life The remote possibility that such cysts ma3'' be present in the 
panel eas should not be ovei looked Calling and Hicks expressed the 
belief that certain tiue cysts of the panel eas aie the lesult of inclusions 
of poitions of the woIffian body 


CYSTS RESULTING FROM TRAUMA 

Injui3'^ to the abdomen precedes the development of cysts of the 
pancreas uith significant frequency in the various series of cases reported 
in the hteratuie Some patients give a definite history that the mass 
de^ eloped diiectly following mjur3 These facts, togethei with the 
expel iinental evidence produced by Lazarus, point to tiauma as a factor 
in the deielopment of certain C3'^sts of the pancreas 

The term pseudocyst is found in the hteratuie and is intended to 
include extrapai eiich3 nial or interparench3Tnal C3"sts, which are not and 


11 Kaiifmann, Eduard Lehrbuch der speziellen pathologischen Anatomic, 
Berlin, alter de Gruj ter &. Company, 1922 , Pathology for Students and Practi- 
tioners Philadelphia, P Blakiston’s Son & Companj, 1929 

12 Judd, E S C^sts of the Pancreas, Minnesota Med 4 75 (Feb) 19-1 

13 -Afasson, T C, and Cailor, H D Dermoid Cjst ol the Pancreas, Surg 

Clin North America 9 837 (Aug ) 1929 

14 Dennis, W A Dermoid C 3 St of the Pancreas, Surg Clin North America 

3 1319 (Oct) 1923 _ , 

15 Carling, E R , and Hicks, J A A Consideration oi Dfo Cases o 
C^stadenoma of the Pancreas and Their Probable Relationship to Poficjstic con- 
ditions Found in Other Viscera Bnt J Surg 13 238 (Oct ) 192a 
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whiji wcic not at am time m then development lined with epithelium 
l^iaetiealh it is impossihle to distiiii^uish tiue ejsts and pseiidocysts, 
because tine c\sts sometimes lose then cpithcli.il lining, the} aie then 
in no b\.i\ diileient moi jihologicalK , fioin c\sts that aie tiauinatie in 
oi igm 

1 lo\d " lepoited tb\o e.i^'es of e\st ol the paneieas with the ohsena- 
tioiis at opeiation .ind called .ittention to the fact that many of the 
so-called hemoiihagie e\sts ol the p.ineieas aie in lealit} lieinoi i hages 
into the le^'H! peiitoneal ea\it\ 'i he two cysts that he lepoited weie 
undouhtedh ol tiaumatie oiigm, .ind \cl he lecoeeied tnpsinogen tiom 



Fig 1 — Wall of a dermoid cyst of the pancreas (case reported by Masson and 
Caelor) 

the fluid that diained fioin them Wainock^' lepoited the case of a 
bo}, aged 7 yeais, in wdioin a mass developed m the upper pait of the 
abdomen aftei severe trauma At opeiation a pancreatic cyst was found 
Such cases leave little doubt that tiauma causes cysts Of the one hun- 
dred and nineteen cases leviewed by Korte/® there was a definite histoiy 
of injurj 111 thiity-thiee (28 2 pei cent) In Judd’s series there was a 

16 Lloyd, Jordon Injury to the Pancreas A Cause of Effusions into the 
Lesser Peritoneal Cavity, Brit M J 2 1051 1892 

17 Warnock, H A Pseudocyst of the Pancreas, Brit M J 1 104 (Jan 19) 
1929 

IS Korte, Werner Die chirurgischen Krankheiten und die Verletzungen des 
Pankreas, Stuttgart, Ferdinand Enke, 1898 
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histoiy of tiamna m 2 4 pei cent, and in McWhoiter’s senes 15 7 per 
cent of the patients gave a histoiy of abdominal injui\ 

In the forty-seven cases of cyst of the pancreas in which snigical 
piocedures had been carried out at the Mayo Clinic since Judd’s repoit 
in 1921, there was a history of trauma pieceding the onset of symptoms 
in eight (17 per cent) 

A man, aged 27, was struck in the abdomen in an automobile accident a month 
before the onset of pam and swelling m the left part of the abdomen Eight 
hundred cubic centimeters of straw-colored fluid was drained from a benign cvst 
five months after the accident The discharge continued for three months , then 
the nound closed, and the patient recovered unerentfully 

In a case of fracture of a cervical vertebra from a fall, the patient, a man 
aged 65, began to feel fulness in the left upper part of the abdomen siv years 
later, this continued for twenty years Operation was performed, and a malig- 
nant pancreatic cyst was found 

A woman, aged 63, had fractured two ribs m a fall siv months before the 
beginning of symptoms One year after the accident a laparotomv was per- 
formed, and a pancreatic cyst was found The pancreas was hard and nodu'ar, 
and a malignant lesion was suspected The patient died elsewhere six months 
after the operation We did not obtain further information 

A farmer, aged 30, was struck m the right side of the abdomen by a steering 
wheel Three days later he noticed abdominal swelling Operation w'as per- 
formed seven months after the accident, and a paiicieatic cjst containing 1 liter 
of clear fluid w'as drained 

A woman, aged 40, suffered a blow' m the upper part of the abdomen in a 
railroad wreck Examination at the clinic, almost a vear after the accident, 
disclosed an epigastric mass On exploration, the mass proved to be a pancreatic 
cjst which contained about 1 liter of hemorrhagic fluid 

A patient, aged 41, was struck in the abdomen in an automobile accident An 
emergency operation was performed at once elsew'here, and about 4 liters of clotted 
blood was removed from the abdomen Yellow'ish fluid discharged mtermittenth 
from a sinus Three months after the accident the abdomen w'as explored, and 
about 1 liter of cloudy fluid was drained from a cyst which apparenth was 
attached to the pancreas 

In another case, a man, aged 41, tripped and fell while he was running, he 
remained unconscious for five minutes He bled profusely from the nose, and 
\omited The abdomen w'as painful and rigid The upper part of the abdomen 
became enlarged and remained so About 6 liters of bloodv fluid w'as drained 
from a pancreatic cist thirtj -eight dars after the accident 

A. patient aged 25 was in an automobile which turned over three times The 
sixth, serenth and eighth ribs on the left side were fractured, and the patient 
W'as unconscious for six hours Six da\s later he noticed a mass m the left 
upper part of the abdomen At operation, a erst of the pancreas was foin 1 

lu man} cases of cr st of the pancreas follow mg ti atuna, sr inptoms 
do not develop foi w'eeks or months, although sometimes the} appear 
at once It is difficult to interpret the signficance of such a long latent 
period It is possible that c} sts grow b} the mere accretion of fimd fine 

^ 19 MeWTorter G L Crsts of the Pancreas Arch Siirg H 619 (Oct) 

1925 
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lo a (httcicncc in iht osmotic jircssuic Pci haps after injurs to the 
panel cas and the fust hemonhaije the fcinicnts erode the tissue, causing 
furthei licmorihage and thus cnlaigcmcnt of the c\st 

1 he histon in some cases suggested that trauma ina} be more indirect 
and still pioduce c\sts MeCaiin,-'’ Caislaw,-' Ma\o-- and Russ-" 
reported c\sts of the pancreas that weie obsersed during pregnanes or 
shoitls aftei paitiintion In thiee ot eights-cight cases in sshich the 
opciation ssas pertormed at the clinic, the csst of the pancreas ssas dis- 
coseied during piegnanes oi shortls attei partuntion In tsso cases the 
gallbladder contained stones '1 he rupture of a sesscl during the stiain 
of paiturition suggests itself as one possible method bs sshieh a csst mas 
deselop Russ supposed that in the case sshich he reported a hemor- 
rhagic lesion occurring during the com sc ot puerperal sepsis ssas the 
cause of the csst 'Ihis brings up the possibihts of the production of 
a csst of the pancreas bs an embolism, sshich, cither sterile or intected, 
might produce necrotic aieas subject to the action of the escaped pancre- 
atic ferments ssith consequent sepsis hemorrhage and the formation of 
a csst 

ULTCMlON CSsrs 

'1 he part plased bs obstruction to the outfloss of pancreatic secretion 
in the production of cssts is not ssell defined Virchoss,-* in 1863, 
deseiibed uniform oi irregulai losais-hke dilatation of the pancreatic 
duct, sshich he termed pancreatic ranula ^\ e base obsersed in a necropss 
specimen an irregular dilatation of the duct distal to an area of stenosis 
produced bs carcinoma in the head of the pancreas Ligation of the 
pancreatic duct does not result m the formation of cssts, and there is 
little if anj , dilatation distal to the point of ligation Attention has been 
called to the fact that tiieoretically partial and not complete obstruction 
results in h}dronephrosis and in dilatation of the biliary passages, and 
that this may likessise be applied to the pancreas Virchoss noted that 
pancreatic calculi are sometimes found in cssts of the pancreas, and he 
likened them to the calculi found in sulilingual ranula There ss'ere 
pancreatic calculi in onlj one of the cases in our series It mas be that 
gallstones lodged in the termination of the common bile duct obstruct 
the outfloss' of pancreatic fluid, thus acting as a factor in the production 

20 McCann, F J A Large Pancreatic Cjst Simulating an Ovarian Tumor 
Proc Ros' Soc Med 4 235, 1912-1913 

21 Carslavs, R B Acute Pancreatitis Followed bj Development of a Pan- 
creatic Cjst, Recoverv, Lancet 2 132 fjulv 16) 1921 

22 Majo, W J Pancreatic Cjst, Med Rec 45 168 (Feb) 1894 

23 Russ, W B Pseudoevst of Pancreas Apparenth Due to Hemorrhagic 
Necrosis Occurring During the Course of a General Sepsis, J A M A 77 620 
(Aug 20) 1921 

24 Virchow, Rudolf Die krankhaften Geschvv ulste, Berlin, August Hirsch- 
vvald 1863, pp 276-277 
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of c^sts Durante described a cyst which enclosed a softened panel eas , 
Ascans himbi icoides occluded the pancreatic duct 

More interesting than the mere passive idle of obstruction is the 
possibility that gallstones in the end of the common bile duct may shunt 
bile into the pancieatic duct Binet and Brocq, Opie and Archibald have 
shown that acute hemorihagic panel eatitis may be brought about by the 
influx of bile in the pancreatic ducts Pei haps the reaction in acute 
hemorihagic panel eatitis and the injury of the tissues proceed to lysis, 
isolation of the fluid and the foimation of a cyst Munzer considered 
the question of the formation of cysts by softening and even the soften- 
ing occasioned in fat neciosis The softening resulting fioin an infarct, 
or the reaction to an infected embolus, may contribute m a similar man- 
ner to the pioduction of a cyst Cysts that owe their origin to hemoi- 
ihage into the tissue (apoplectic cysts) and to softening aie pseudocysts 
and aie not lined with epithelium Lloyd and Isiael observed a neciotic 
panel eas floating as a sequestrum in a cj'st of the organ 

Tilgei advanced the theoi)^ that letention and obstiuction to the 
outflow of secietion is brought about by the fibiosis following chronic 
inteistitial panel eatitis He ohseived that the ducts and acini appealed 
to be snaied off by pioliferation of the inteistitial connective tissue We 
ha^e seen micioscopic appeal ances suggesting such a method of foima- 
tion (fig 2) We have found fields in which the interstitial connective 
tissue sepal ated small, individual, micioscopic cysts quite definitel) Yet 
eien in the same glands in which we have obseived these appeal ances, 
there was only focal fibrosis Moreovei, in a panel eas in which theie 
is much inteistitial fibiosis theie may be no evidence of the formation 
of the cjsts We have seen stiikingly little fibrosis m glands containing 
simple c}sts 

NEOPL'VSTIC CYSTS 

The term “piolifeiation cyst” is encounteied fiequently in the litera- 
tuie, and such cjsts are included undei neoplasms in our classification 
Neojilasms of the pancieas pioduce cysts in two ways by an inheient 
tendenc)'’ m the giowth to foim a cjst lined with epithelium oi by degen- 
eiation and liquefaction in the tumoi Carcinoma of the pancieas, 
although relativel) common, does not have a tendenc} to develop cysts 
However, in such a tumor ve have obsened micioscopic cysts lined 
with epithelium 

25 Durante, F Osti da ntcn/ionc del pancreas treh ed atti d Soc ital 
dt chir 9 109, 1894, abstr Zentralb! f Chir 21 42^1 (April) 1894 

26 Alunzer Alax Pankreasc\sten, Centralbl f d Grenrgeb d Aled u Uur 

6 490 573 and 66-1 1903 xr ii . ,c 

27 Israel, O Zwei Dalle a on Mecrose inncre Organe bei Diabetes e i i . 

Vircbows Arch f path Anat 83 181 (Jan ) 1881 

28 Tilger, Allred Beitrag zur pathologischen Anatomic und Actio » 
Pancreas-Q sten A’lrchows Arch f path Anat 137 348 (Jnh) 1894 
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CyAadi noma — ini!;- st.ited that adenomas of the pancieas aie 
somewhat i.uc ,md adenomas m wdnch t\sls foim must, of coinse, be 
c\en mote laie J he mtaijci dcscnptnc detail of the gioss and micro- 
sco])ie ap])e.u allies of some c\sts lejioitcd m the liteiatuie as cyst- 
adenomas makes it diflieull to .icccpt main of them as tine neoplasms 
1 his fait has been emphasised In Fit/'”' Multilociilai C 3 sts are not 
ncccssaiih c\stadenomas Even in benign c}sts theie may be papillar) 
mgiowths 01 t\sts m the w<dl Residual panel catic tissue has been 
d^senbed m the walls of paneieatie t\sts, and W'e have obseivcd it also 
(fig i) 'ihcie IS a jiossibihl} that this tissue, isolated as it is fiom 



Fig 2 — Interstitial tissue appareiith snaring off acini and thus forming reten- 
tion cysts 

the panel eatic ducts, might gne use to letention c^^sts Korte leviewed 
fiom the literature thiiteen cases of piohfeiativc cysts of the pancreas 
In 1902, Fitz revievred eight cases of c}stadenoma and added one of 
his own Malcolm desciibed a cystic tumor of the pancieas that prob- 
ably was a true neoplasm Theie w'eie many cysts in the tiimoi that 
w^eie lined with epithelium Kaufmann also lepoited a tiue cystadenoma 
of the pancreas 

29 Ewing, James Xcoplastic Diseases, Pinlddelplna W B Saunders Com- 
pany, 1929 

30 Fit7, R H Multilocular C) stoma of the Pancreas, Am J M Sc 120 
184 (Aug ) 1900 

31 Malcolm, J D A Case of Complete Rcmoial of a 'Multilocular Cjstic 
Tumor of the Pancreas Lancet 1 1676 1906 
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Only tno cases of cystaclenoma of the pancieas weie found among 
the eighty-eight cases of cyst of the pancieas in which opeiation was 
perfoimed at the Mayo Clinic and in the twentj cases noted at neciopsy 
In one of the cases a C)rst had been diained in January, 1921 The 
pathologist leported cjstadenoma Between January, 1921, and Maich, 
1923, the patient was operated on six times foi C3'sts of the pancreas 
The mass lectured in the foim of multiple cysts containing a milky, or 
a thick, mucilaginous fluid The patient died elsewhere on June 9, 1926, 
and we w^ere unable to obtain an} fuithei information concerning the 
lesion The second patient wuth benign cystic tumoi of the pancreas 
came to neciopsy This patient died eleven days after an opeiation at 



Fig 3 — Residual pancreatic tissue in the fibrous wall of a simple multilocular 
cjst of the pancreas 

wdrich a laige panel eatic C)St rvas diained At necrop'sy it rvas found 
that the c} stic tumor w^as fused to the head of the pancreas , it measured 
12 by 12 by 7 cm , and the cavity, winch made up about two thirds of 
the bulk ot the mass, w'as lined with a necrotic, shreddy material, and 
had a capacitr of about 400 cc Microscopic examination of sections 
horn the mam bod} of the tumor and from the wall of the c}5t disclosed 
a cellular structure not unlike the noimal pancieas, the epithelial cells 
were aiianged into acini and ductlike structures and there was little 

mterparench} mal connectue tissue (fig 4) 

Cystadcnocaicinouia — Malignant ersts of the pancieas are likewise 
rare ' Scotti reported on a c}Stic tumor of the pancreas with hmphatic 

32 Scott], G Adeno-Cistoma papilkfero del pancreas Vreh per Ic sc med , 
1906, abstr, Centralbl i allg Path u path knat 18 844 fOct 1 19 / 
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and pulmonai} meiabtabib and implantationt, on the peutoneal buiface 
Haitman icpoittd obhcuations at neciops\ in a case of malignant 
c\stic tumoi ol the panel eas with ineta‘'tasis to the Inei 

\niong the eight} -eight patients with panel eatic e}St tieated 
suigiealh at the !Ma }0 Chine, theie weie fom with carcinomatous c}sts 
In one ease a huge ewstic tumoi was lound with nodules ovei its sin face 
and nodules m the Inei m the left side ot the abdomen Tw'o of the 
nodules of the Inei weie excised and proeed to be caicinoma The 
siugeon thought that the c\stic tumoi oiiginated in the pancieas In 
the second case theic was a c\stic mass of the pancieas approximate!} 
20 be 25 cm Pait ot the m.iss icmoied at opeiation pioied to 



Fig 4 — Wall of cist in C) stadenoma of pancreas (hematoxjlm and eosin, 
X 175) 

be benign Howeiei, tissue lemoved from other c}stic masses in the 
same pancreas w'as lepoited as cystadenocaremoma The patient 
recoveied fiom the opeiation, but w^e hate no further information 
concerning the case In the thud case a large cistic tumor w^as removed 
fiom the tail of the pancieas The C}st contained about 4 liters of fluid, 
and its inner w'alls weie a regular and lined wnth necrotic, shreddy tissue 
m which there weie degeneiated epithelial cells that appeared to be 
malignant In one part of the mass w'as a solid tumor, the c}st was 
directly contiguous wnth it }iIicroscopically, the tumoi was carcinoma 
of the pancieas Pait of the wall of the cist ivas smooth externally 


33 Hartman Af Kistes du pancreas, Rei d chir 11 409 1891 
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and consisted of connectne tissue In the fourth case, a pancieatic cyst 
was drained surgically, and the patient died following the opeiation The 
surgeon made a note at the opeiation that the pancieas was veiy hard 
At neciopsy a cyst of about 10 cm in diametei was found m the lesser 
peiitoneal cavity It was filled with sti aw-coloi ed fluid and was adheient 
to the pancreas, fiom the head to the tail Caicmoma was found in the 
pancreas 

Tei afomatons Cysts — Keir^'* lepoited a cyst, the wall of which he 
said uas teratomatous He did not gne a detailed clesciiption of the 
histopathologic featuies 

CYSTS RESULTING FROM P-VRASITES 

C3Sts of the pancieas caused b} paiasites aie laie They aie enc}sted 
forms of some of the paiasites foi which man is the intei mediate host 
We have seen onty two t3pes desciibed, echinococcus 03 st and Cysf- 
tceicus celhdosae 

Hansel,®® in 1912, reviewed tuent3 -eight cases of echinococcus c\st 
noted in the hteiatuie Twent3-two of these were in the pancieas and 
SIX weie in the Aucmity of the pancieas Se\ faith,®® m 1920. leviewed 
foitA cases of echinococcus C3st of the pancieas 

The pathologic diagnosis lests on the finding of scohces 01 hooklets 
(Stitt,®’ Rivas ®®) Echinococcus C3sts i'na3 be \eiy large Railliet and 
Monot stated that Cysttcercns cellulosae have been found in the 
pancieas of man Such systs aie small, about 15 b3 7 mm in diametei, 
and contain the scolex and hooklets of Tacuia solium 

GENERAL CHARACTERISTICS OE C\ STS OF THE PANCREAS 

Shape — Vei3>' small cysts are spheiical Laigei cysts are shaped b3 
then suiioundings Extremeh^ laige C3sts assume ameboid chaiactei- 
istics and 11133’- entire abdomen Ceitam C3sts aie multiloculai 

(fig 5) , although the3'^ are lounded on the outside, the3’ haie 1113113 
partiall3^ 01 completel3' separated spaces witlim 

34 Kerr, A A Qsts and Pseiidoc-v sts of the Pancreas, Surg Gmicc Obst 
27 40 (Juh) 1918 

35 Hanser, Robert Ueber Echinokokken dcs Pankreas, Beitr z khn Clnr 
77 360 1912 

36 Se^ farth, Carl\ Parasiten im Pankreas Centralbl f Bakteriol 85 

(Sept ) 1921 _ , 

37 Stitt, E R The Diagnostics and Treatment of Tropical Dl‘^c^‘;e^ ed 0 
Philadelphia, P Blakiston’s Son S. Compan\ 1929 

38 Ri\as, Damaso Human ParasIto]og^ Philadelphia \\ B Sittnccrs 

Compam 1920 . 

39 Railiiet and kfoiiot Ascande d ins le pancreas d’nn process Compt rcnc 

Soc de biol 45 407 ( April) 1893 



1/ uiOR \i:r-m II 1 so\—cy'iJ s oj p l \ cre -/ s 


1029 


S'/ri — llie si/c ot p.incicalic c}sts \ancs within wide limits Ihc 
laigest one itpoited in the hteiatine contained 20 hteis of fluid l\Iost 
ol tlie c\sts icpoited wcie laige enough to be palpated thiough the 
alidoininal wall In one of the loit> -seven cases that we reported it 
was estimated (hat 20 hters of fluid w'as present, in one case 8 liters 
ol fluid was piesent, in one, 6 lileis, in tw'o, 4 liteis each, and in two, 
3 hteis each '1 he smallest e\st foi which opeiation w'as perfoimcd in 
oui senes was 6 cm in diametci It oiiginatcd in the head of the 



Fig 5 — Aluhilocular simple cyst of the pancreas 


pancreas and piesented m the transverse mesocolon The duct of 
Wnsung and the cjst both contained stones Thiee other small cj'Sts 
found in this senes weie 7, 8 and 9 cm in diameter, respectiveh, and 
each w'as enucleated completely 

Vei} small cysts aie sometimes found at necropsy (fig 6) In the 
neciopsy recoids of the clinic we w'cie able to find onl\ twenty cases of 
c}sts of the panel eas that had not been operated on The small cysts 

40 Stapper Julius Beitragc 7ur Diagnose der Pancreascj sten Bonn, Joseph 
Bach, 1892 
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that wcic found at ncciopsy usually contained cleai fluid, then walls 
w'eie thin and microseopicall) consisted of connectne tissue and an 
epithelial lining It is of historic intcicst that Klebs “ gave the name 
“acne panel eatica” to cases in which the contents of the c}sts had 
become mushy Gcneially only a single lajer of epithelial cells lines 
these c\sts d he} \an fiom the tall coiumnai {'fig 7) to the flattened 
t}pe Sometimes theie aie little papillai} piojections into the ca\it} of 
the c\st (fig 8) Such piojections do not indicate that the c)St itself 
IS a neopla<'m oi that it is a c\sladcnoma 



Fig 7 — Columnar epithelial cells lining simple cyst of the pancreas (X 700) 

N umbel — In tw^ehe of the twenty cases m our senes that were noted 
at necropsy for which operation had not been performed, the cysts were 
multiple, in seven cases the cysts weie single and in one case, multi- 
locular Our information concerning the number, tjpe and pathologic 
change in the larger surgical c}sts is limited, because extensne explora- 
tion frequently is impossible, and few' cases come to necrops} 

Site — In the cases noted at neciops} four ejsts were described as 
being confined to tlie tail of the pancreas (three single and one multiloc- 

41 Klebs Edum Handhuch der pathologischcn '\nalomie, cd 2 Berlin \ 
Ilirschwakl, 1876 
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ulai) thiee wete in the head only (two single and one multiple), and 
three weie in the body (two single) In the leinaining ten cases the 
cysts weie found thioughout the gland in two cases, in the head and 
body in two, and in the tail and body in one case , in five cases the site 
was not adequately desci ibed This disti ibution of the cysts is not indica- 
tive of a jdace of piedilection for pancieatic cysts It was Lazarus’ belief 
that the least common site was in the head of the pancreas because of 
the least likelihood of letention Koite gave the site in forty-seven cases 
as follows the head in sixteen cases, the body in seven, the body and 
tail in twelve and the tail in twelve 



Fig 8 — Simple c^st of pancreas, showing papillar) projections (hematoxjlin 
and eosin , X 20) 

Content — The gioss appeal ance of the contents of pancieatic cysts 
IS \aiiable The fluid was cleai or ambei -coloi ed in only seven of our 
senes of fort\-se^en cases In fouiteen cases it was chocolate-colored 
oi blood-stained, and in nine cases the contents weie described as cloudy 
fluid and gelatinous mateiial, 3ellow milky fluid, thick, oily, blood} 
material, cloud} fluid, cleai gelatinous fluid (subsequent!} thick muci- 
laginous and later milky), light-colored hone} -like material, }elIowisi- 
green fluid shghth turbid fluid, or gi eenish-black fluid The appearance 
ot the contents m the lemaming se\enteen cases i\as not described 

Sometimes the blood} appearance of a hemorrhagic cyst disappears, 
and the contents become clear fluid Lazarus obser^ ed this m his expen- 
raentally produced c^st. and this seems to ha^e taken place m one o 
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cases in oiu senes in which the condition followed tiauma The patient 
was a man, aged 27, who had snftcied a blow in the abdomen in an auto- 
mobile accident five months befoie admission He was opeiated on, and 
a c\st of the pancieas was found which was estimated to be 24 cm m 
diametei and to contain about 800 cc of a stiaw-coloied fluid It had 
been aspuated five times befoie he came to the clinic Ambei-coloied 
fluid was iemo\ed each time Histologic examination of the walls ot 
cysts sometimes shows a blood pigment which indicates then hemorrhagic 
oiigin, whethei oi not then contents aie clear Dei mold cysts of the 
pancieas, like those m othei paits of the body, contain a giumous, cheesy 
material and haii, and they may e\en contain teeth Degenerated and 
neciotic tissue may sometimes be found in C 3 Sts, and even poitions of 
the panel eas 

Alicioscopically, cjsts may contain epithelial cells, eiythiocytes, 
leukocytes, globules of fat, cijstals of fatty acids, cholesterol, hematin 
crystals and neciotic tissue Seium albumin seium globulin, mucin, 
peptone hemoglobin, leucine, t}iosine and sugai also have been found 
The leaction usually is alkaline The content of a cyst removed by 
Bozeman and described by Gaiiigues was acid The specific gravity 
vanes from 1 007 (Tieamaine) ‘‘ and 1 009 (Morton) to 1 060, which 
IS that of blood Feunents aie often piesent In the fluids in sixty-six 
cases m Koite’s senes, m which the contents weie analyzed in this 
legal d, twehe A\ere found not to contain ferments, twenty were found 
to contain one feiment (fouiteen staich-splittmg, thiee fat-splitting, 
and thiee protem-splitting), twenty weie found to contain two ferments 
(sugai and fat, fouiteen, sugar and protein, four, and fat and protein, 
two), and fourteen weie found to contain thiee feunents The presence 
of a starch-splitting feiment is not pathognomonic of pancreatic cysts, 
since either isolated oi free fluids in the abdominal cavity may con- 
tain it 

42 Lloyd (footnote 16) Israel (footnote 27) 

43 Lazarus (foonote 4) Opie (footnote 6) Oser Leopold Diseases of 
the Pancreas, in Nothnagel Encyclopedia, Philadelphia, W B Saunders Com- 
pany, 1903, pp 17-270 Pepper William Tumour of the Head of the Pancreas 
Am T M Sc 61 159 (Oct ) 1871 

44 Lazarus (footnote 4) Korte (footnote 18) 

45 Bozeman, N Removal of a C\st of the Pancreas Weighing T\\ent\ and 
One-Half Pounds, Med Rec 21 46 (Jan ) 1882 

46 Garrigues, H J The Anatomy and Histologv of C\st of the Pancreas 
Med Rec 21 286 (March) 1882 

47 Trcamaine, W S Cist of the Pancreas Successfulh Remoied, Tr Am 
Surg A G 557, 1888 

48 Morton B B A Case of Pancreatic Cist A.ssociatcd with Glicosuria 
and Gallstones Kecropsi, Lancet 1 242 (Jan) 1897 

49 ion Jaksch R Ueber das Vorkommen ion Termenten m den Faces 
der Kinder, nebst Bermerkungen uber das Vorkommen ion saccharificierenden 
Fermenten m Cistemnhalt Ztschr f phis Chem 12 116, 1888 



ETHYLENE ANESTHESIA 

ANALYSIS OF RFBREAIHED MIXTURES 
FRANCIS P PARKER, BS 

AND 

ROSALIE MCDONALD, RN 

ATLANTA, CA 

fhe caibon dioxide filtei in inlialation anesthesia has been in use for 
seveial 3eaiSj and analysis of the lebieathed gases has been made by 
F T Rombeigei and otheis on mixtvnes in which ether was used 
Howevei, no data have been published on patients in whom ethylene- 
nitious oxide-oxygen anesthesia, without elhei, has been used The 
following piehmmaiy lepoit on a small series of cases is submitted in 
01 del to call attention to the possibility of inducing anesthesia with 
ethylene and maintaining surgical lelaxation without giving additional 
anesthetic agents, after the introduction of a filtei that leinoves caibon 
dioxide from the expired gases Such a method is appaiently without 
danger, and bungs about a laige i eduction m the cost of the anesthetic 
agents 

ANALYSIS OF REBREATIIED MIXTURES 

In a senes of seven cases, analyses were made on the contents of the 
rebreathing bag during the progress of the anesthesia For each case at least 
seven samples, and in some eight, were taken at intervals of five or seven minutes 
Ihese samples were drawn directly from the rebreathing bag into sample tubes 
over mercury The tubes were of approximately 25 cc \olumc and were closed 
at one end by a ground glass stopcock and at the other by a column of mercuri, 
the height of which could be regulated by raising or lowering a reservoir of 
mercurj'- In each sample, the concentrations of oxygen, carbon dioxide and 
ethylene were determined by analysis, and the relative nitrous oxide concentration 
determined by subtracting the sum of the three from 100 per cent In each 
instance, a completely closed system made this computation possible No samples 
were taken until the patient had been under the anesthetic for it least ten minutes, 
't was estimated that at this time all nitrogen had been removed from the expired 
gases 

The method of analysis w^as that of Haldane and Henderson, in which a known 
amount of gas is passed repeatedly from a calibrated buret into the absorbing 
solutions and returned to the buret until a constant reading is attained This 
tiansfer is accompanied bj means of a rescnoir of mercury which is raised or 
I'lwered at will The absorbents used were sodium Indroxidc for carbon dioxide, 

^ Submitted for publication, Aug 15, 1930 

* From the Department of Surger%, Emorv Unnersitj 

■‘'This work was aided bA a fund for surgical research presented b> ’^Irs 
Kelly Elans 
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The pulse rate was 72 The respirations were 20 per minute The blood 
pressure w^as sj'Stohc, 126, diastolic, 88 The skin was w^et 

Case 3 — In case 3, the filter was not used A. man, aged 21, w'eighing 142 
pounds (64 4 Kg ), W’as operated on for evcision of ■raricose veins of the spermatic 
cord The preparation consisted of morphine, one-si\th gram, and scopolamine, 
cne si\-hundredth gram (0 0001 Gm ) one hour before operation, the injection 
being repeated m thirt}^ minutes Anesthesia was started at 8 05 Samples were 
taken ever\ five minutes The mixture was “40-40-20” Eleven per cent oxjgen 


Tabie 2 - 

—Rciults 0 } Analysis 

of Ribi caihed 

iintuic xn 

Case 2 

Sample 

02 

CO2 

C.H^ 

A-0 

1 

IS 00 

2 30 

52 00 

30 70 

> 

20 00 

S'-O 

7 00 

00 50 


25 00 

2 40 

41 00 

31 GO 

4 

27 lO 

0 20 

27 00 

45 30 

) 

20 00 

1 70 

27 50 

34 so 

6 

38 00 

0 o5 

27 lO 

34 15 

7 

43 50 

3 0) 

20 00 

o') 4i> 

s 

47 00 

0 50 

IS 00 

34 ro 



Table 3-~ResuIts of Analyns 

of Rcbicatlicd 

Mixtxuc m 

Case 3 

Sample 

O2 

c 

0 

t. 

C2H4 

NsO 

1 

2000 

oco 

42 00 

37 40 

2 

2000 

1 20 

41 50 

37 00 

0 

2000 

0 05 

42 00 

of li > 

4 

2200 

0 60 

42 00 

35 40 

0 

21 00 

1 00 

53 50 

24 50 

0 

2000 

1 00 

53 50 

25 50 


21 50 

0 90 

53 50 

24 10 

8 

21 50 

0 70 

53 50 

24 30 


Tabie 4- 

—Results of Aiiahsis 

of Rebi caflied Mntaie in 

Case 4 

Sample 

O 2 

CO= 

G=H< 

>£0 

1 

17 00 

5 60 

56 50 

22 90 

2 

16 00 

0 40 

56 50 

27 10 


15 00 

3 50 

63 00 

i IS 'fO 

4 

16 50 

0 85 

52 50 

30 1 * 

0 

20 00 

0 25 

50 00 

' 20 75 

G 

IS 50 

1 90 

50 00 

20 GO 

i 

IS 00 

0 23 

57 50 

24 2”> 

S 

IS 50 

0 20 

52 50 

2S SO 


was guen during the first five minutes 20 per cent oxygen during the remainder 
The results of the anal 3 'sis of the samples are recorded in table i 

The pulse rate w'as 68, the respiratore rate was 16 The blood pressure wa"; 
s^stollc 112 diastolic, 70 The skin was drv 

C\SF 4 — A man, aged 19 w'eighing 170 pounds (771 Kg), was operated on 
for closure of a colostome In preparation, morphine one-sixth gram and scop ^ 
lamine, one four-hundredth gram, w'ere gneii one hour preoperatn ely 
m forte minutes Anesthesia was started at 9 41 and the mixture was 
The filter was cut in at 9 54 The first sample (ex tube) was 
Samples were taken eeere seeen minutes nlternateh from exhaling an 
tube Eighteen per cent oxegen was used for induction and 400 cc o 
per minute after the filter was cut in 
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four-hundredth gram Anesthesia was started at 9 09, and the mixture was 
“42-42-16” The operation was begun at 9 20 The filter was cut in at 9 25, , 
using 400 cc of oxygen per minute The first sample was taken at 9 25 Samples 
were taken every five minutes The results of the analysis of the samples are 
given in table 7 

The condition of the patient was good One per cent procaine hydrochloride 
was injected into the fascia and rectus muscle The pulse rate was from 75 to 
100, the respirations were from 15 to 20 per minute The blood pressure was 
systolic, 100, diastolic, 70 

COMMENT 

A comparison of the gases in those cases in winch the filter was not 
used with those in cases in w Inch it was used shows marked difference 
in concentration In the former, the oxygen concentration remained 
relatively constant at appi oximately the induction peicentage, while m 
the latter there was a gradual rise or accumulation of oxygen This 
increase was as high as 49 per cent in sample 8 of case 1 and 47 per cent 


Table 7 — Results of Analysts of RebicatJtcd MiMuie m Case 7 


Sample 

02 

CO 2 

C2Hi 

NjO 

1 

17 00 

0 25 

47 50 

35 25 

2 

24 50 

0 20 

47 80 

27 60 

3 

24 50 

0 20 

47 80 

27 60 

i 

24 50 

010 

700 

68 40 

5 

22 50 

0 50 

5 00 

72 00 

6 

24 50 

018 

4 60 

70 72 

7 

45 40 

0 01 

39 80 

14 79 


in case 2 It is doubtful that the amounts of oxygen fed w'^ere responsible 
for such an increase, as the bag would empty rapidly if a reduction of 
a few cubic centimeters w^as made In the cases in which the filter 
was used, the difference betw^een the percentage of oxygen administered 
and the amount recovered from the rebreathing bag on analysis was 
far out of proportion to the metabolic rate of the patient The least 
amount that could possibly be used in any case was 350 cc per minute, 
while in case 2, 600 cc was necessarj^ The average amount admin- 
istered was between 400 and 500 cc 

In man)'^ samples in cases 3 and 5, in which the filter was not used, 
the carbon dioxide concentrations iveie lower than in case 2, in which 
the filter was used Tins apparent discrepancy is easily explained by the 
fact that m case 2 alteinate samples were drawn from the exhaling 
tube As would be expected, these samples show high concentrations of 
carbon dioxide, but little variation of the other gases present 

In cases in which the filter was not used, the average ethylene con- 
centration was higher than the nitrous oxide concentration, but in (^es 
m which the filter was used the reverse u as true This seems to indicate 
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that nitious oxide was prefeired m the foimer, wheieas ethylene was 
preferred in the latter 

The economical featuie of this method including the use of a filter 
IS evident A patient consuming 800 cc each of nitrous oxide and ethylene 
per minute and carried for an hour and a half with no additional anes- 
thetic would repi esent a saving of 81,000 cc each of ethylene and nitrous 
oxide gas ^ 

1 Additional work is in progress in which analysis is being made of the 
ethylene, nitrous oxide, oxygen and carbon dioxide content of venous and of 
arterial blood during the course of the anesthesia These are in conjunction with 
similar analyses of the rebreathed gases 



THE EFFECT OF SPINAL ANESTHESIA ON 
ARTERIAL TONE ■< 


JOHi\ C BURCH, MD 

AND 

T R HARRISON, MD 

NASHVIILF, TENN 

In a previous study ^ it was shown that the cardiac output in dogs 
under spinal anesthesia remained at a neaily normal level unless a 
marked diminution in blood pressuie took place The decrease in blood 
pressure came first and was usually of gi eater degree than the later 
decrease in the output of the heart This sequence of events is just the 
opposite of that found in experimental traumatic shock and experimental 
hemorrhage ^ It was believed that a further comparison of these states 
might throw light on the nature of the diftei ent types of shock These 
subjects have received a great deal of study in the past fifteen years, 
but, so far as one can judge from the literature, many of our concepts 
as to their exact nature aie vague and incomplete 

METHOD 

Dogs were used They received barbital (0 3 Gm per kilogram) intravenously 
from one to two hours before the experiments were begun Blood pressure was 
measured by means of a mercurj manometer connected with a cannula in the 
carotid artery Spinal puncture was don^ as previously described by us The 
animals received spinocaine (a proprietary procaine preparation) from 1 to 
3 cc ,3 depending on the size of the dog and the height of the anesthesia desired 
Arterial tone was measured bj means of recording inflow into the selected 
artery This vessel — the femoral, the brachial or the carotid artery — ^was exposed 
for a distance of from 10 to 20 cm , care being taken not to injure the branches 
The distal end of the exposed vessel was then cannulated, the cannula pointing 
toward the heart A bull-dog clamp uas placed on the artery first The cannula 
was connected to a metal coil, which was immersed in a water bath the tempera- 
ture of which was kept at 38 to 40 C To the other end of the coil uas attached a 
rubber tube, which was connected with an ordinarj 50 cc buret that was kept at 

Submitted for publication, Juh 7, 1930 

"^From the Departments of Gjnecologj^ and Ilfedicnie of Vanderbilt Uni- 
versity 

1 Burch, J C , and Harrison, T R The Effect of Spinal Anestiiesia on the 
Cardiac Output, Arch Surg 21 330 (Aug) 1930 

2 Blalock, A Mechanism and Treatment of Experimental Shock, Shock 
Following Hemorrhage, Arch Surg 15 762 (No\ ) 1927 

3 Pitkin G P Controllable Spinal Anaesthesia “Spinocaine,” Bnt J 
Anaesth 6 22, 1928 
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a height of 2 meters abo\e the table on which the animal was prepared The 
system was filed with a warm saline solution, care being taken to expel all the air 
When a measurement of perfusion rate was to be made, the clamp at the end of the 
cannula was removed, and simultaneously a second bull-dog clamp was placed on 
the arter)^ at the proximal point of exposure Care was taken to be certain that 
this proximal clamp was alwaj^s placed at the same point on the artery In large 
dogs the inflow period was fifteen seconds, m small dogs, because of the lesser 
inflow, periods of thirty seconds uere employed This method is similar to that 
employed by Cattell ^ 

The advantage of this reverse perfusion method that we have used consists 
primarily in the fact that at all times, except during the relatively few seconds of 
the perfusion periods, the perfused tissues are receiving a normal blood supply 
Forward perfusion methods involve the disadvantage of ischemia in the tissues 
to be studied, and it is well known that lack of oxygen may cause changes in 
vascular caliber ® 


Table 1 — The Effect oj Spmal Anesthesia on the Perfusion Rate 



Average 




Perfusion Rate, Cubic 
Centimeters per Minute 




Before 

After 



Experiment 

Spmal 

Spmal 

Region 


Number 

Anesthesia 

Anesthesia 

Perfused 


29 

66 

94 

Hind leg 


31 

83 

104 

Hind leg 


32 

49 

145 

Hind leg 


44 

60 

100 

Hind leg 


46 

67 

50 

Hind leg 


83 

15 

28 

Pore leg 


36 

19 

44 

Pore leg 


31 

92 

95 

Head 


33 

104 

120 

Head 



In every instance several measurements of inflow were made The values 
expressed in the tables are the averages of from three to five determinations and 
for convenience of comparison are expressed in terms of cubic centimeters per 
minute Ordinarily, duplicate or triplicate measurements agreed fairly well, 
although considerable variations were observed in dogs with rhythmic fluctuations 
in blood pressure, it is thought that these variations represent changes in vaso- 
motor tone 

RESULTS 

The effect of spinal anesthesia on the perfusion rate is shown in 
table 1 In the first five of these experiments the anesthetized area, 
1 e , the posterior extremity, was perfused In four of these marked 
increases in perfusion rate varting from 20 to 200 per cent were noted 
In the fifth experiment, a diminution of about 25 per cent was found 
We are unable to explain this exceptional observation 

4 Cattell, McKeen Studies in Experimental Traumatic Shock Action of 
Ether on Circulation in Traumatic Shock, Arch Surg 6 69 (Jan) 1923 

a Krogh, A The Anatomv and Phvsiologv of Capillaries, I'Jew Haven, 
Yale Universitv Press, 1924 
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Contrary to our expectations, it was found that the perfusion rate 
m the unanesthetized areas was also usually increased after spinal 
anesthesia Presumabl}'-, this change is to be attributed to a slight dif- 
fusion toward the head of the anesthetic solution It would appear that 
the vasomotor fibers are especially sensitive to the action of the 
anesthetic 

The observations repoited in table 2 are of especial interest In 
these animals a progressive drop m blood piessure was produced by 
repeated bleedings, and perfusion rates were measured at intervals 
throughout the experiments In the first two experiments, the dogs 

Table 2 — The Effect of Hemoii hage on the Po fusion Rate 


Before Hemorrhage After Hemorrhage 

f 



Mean Blood 

Perfusion 

Mean Blood 

Perfusion 



Pressure, 

Rate, Cubic 

Pressure, 

Rate, Cubic 


Sxperunent 

Millimeters 

Centimeters 

Millimeters 

Centimeters 


Number 

of Mercury 

per Minute 

of Mercury 

per Minute 

Comment 

42 

13S 

49 

120 

35 

No spinal anesthesia, 




40 

20 

hind leg perfused 




40 

50 





22 

75 





0 

85 


43 

ns 

160 

204 

SO 

No spinal anesthesia. 




42 

135 

hind leg perfused 




38 

130 





24 

104 


32 

52 

144 

38 

141 

Spinal anesthesia, hind 






leg perfused 

44 

S2 

100 

90 

96 

Spinal anesthesia, hind 




84 

130 

leg perfused 




76 

130 





48 

100 


46 

94 

46 

76 

46 

Spinal anesthesia, hind 




50 

45 

leg perfused 


had not received spinocame In each instance the initial hemorrhage 
was followed by a marked diminution m the perfusion rate, indicating 
arterial constriction After the blood pressure had become very low — 
40 mm of mercuiy or less — the perfusion rate increased toward or 
beyond the normal It appeals therefore that the initial effect of 
diminished blood volume is to cause a compensatory increase m 
v^asomotor tone, but that after the blood pressure has fallen well below 
the critical level,® the vasoconstrictor center suffering from impaired 
blood supply becomes vv^eakened, loses its tone, and as death approaches, 
the perfusion rate rises 

The last three experiments in table 2 were made on animals that 
had received spinocame before they were bled In these animals the 


6 Cannon B and Cattell, ilcK 

Critical Level in Falling Blood Pressure, Arch 


Evpenmental Traumatic Shock , 
Surg 4 300 (:March) 1922 
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perfusion rate was unchanged or increased by hemorrhage The normal 
initial vasoconstrictor response to hemorrhage was absent As this 
vasoconstrictor response is piobably compensatory m nature, it becomes 
clear why experimental animals and patients under spinal anesthesia 
react so poorly to hemorrhage^ The noimal subject is able to com- 
pensate, in part at least, for diminution in blood volume by active con- 
striction of the arteries to the less vital organs Such organs thereby 
suffer from a decreased blood supply,® but the blood pressure lemains 
fairly well up, and circulation to the vital organs is maintained despite 
the marked diminution in cardiac output® In subjects under spinal 
anesthesia, the power of active vasoconstriction is, however, more or 
less completely absent because of the paralysis of vasomotor fibers, and 
loss of a relatively small amount of blood is fatal 

COMMENT 

It is believed that the studies reported in this paper may have a 
significance beyond the light they throw on the physiology of spinal 
anesthesia Clinically, one observes two different kinds of traumatic 
shock which are confusing because they so often occur simultaneously 
The more important and more senous of these is the so-called secondary 
shock, which occurs some minutes or some hours after injury The 
recent researches of Blalock and his co-workers seem to show beyond 
question that local loss of blood plasma or of whole blood accounts in 
large measure for the phenomena observed in this type of shock, which 
IS characterized by diminished blood volume, an early fall in cardiac 
output, a relatively late fall in mean arterial pressure and, presumably 
at least, by an initial and compensatory increase in vasomotor tone The 
primary physiologic distuibance in this condition seems to be diminished 
blood volume 

Primary traumatic shock or collapse is quite different It comes 
on immediately after injury and is presumably of reflex origin The 
drop in blood pressure occurring immediately after a gunshot wound 
and that following trauma to the central nervous system presumably 
represent types of pnmarj shock The decrease in blood pressure in 

7 Burch, J , Harrison, T R , and Blalock, A Comparison of the Effects 
of Hemorrhage in Dogs Under Ether and Under Spinal Anesthesia, Arch Surg, 
in press 

8 Gesell, R Factors Controlling Volume-Flow of Blood, Am J Ph\siol 
47 428, 1919 

9 Blalock, A Regulation of Circulation, Relatne Importance of Nerious 
Endocrine and Vascular Regulation m Response of Cardiac Output to Anoxemia 
Am T Phisiol S3 284 1927 
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subjects undei spinal anesthesia appeals to belong to this gioup If so, 
primary shock is chaiacteiized by an initial deciease in vasomotor tone 
with an early drop in blood piessuie and a i datively late decrease in 
cardiac output, the blood volume being unaffected In older to classify 
our concepts, it might be well to speak of neuiogenic (lather than 
primal}') and hematogenic (lather than secondary) shock 

SUMMARY 

A method for the study of arteiial tone by leveise arterial pel fusion 
has been described 

A normal animal lesponds to hemoirhage by an initial vasocon- 
strictiOn 

After the blood pressuie has fallen below 40 mm vasodilatation 
occurs, and death soon follows 

Spinal anesthesia is usually followed by a marked vasodilatation 
This may involve the unanesthetized as well as the anesthetized areas 

The constrictor response to hemorrhage is abolished by spinal 
anesthesia, and it is believed that this observation explains the unusual 
susceptibility to hemoirhage of patients and animals under spinal 
anesthesia 

The bearing of these observations on current conceptions of shock 
has been discussed, and the suggestion has been made that the terms 
neurogenic and hematogenic be substituted for primary and secondary 
shock, respectively 



THE EFFECT OF THE ADMINISTRATION OF FLUID 
ON THE FALL IN BLOOD PRESSURE CAUSED 
BY SPINAL ANESTHESIA-" 


JOHN C BURCH, MD 

AND 

T R HARRISON, MD 

NASHVILLE, TENN 


Our pievious studies ^ have dealt with the physiologic changes in 
the circulation caused by spinal anesthesia The present and subsequent 
studies are concerned with the treatment, and more particularly with 
the prevention, of the untoward effects Of these effects, the fall in 
blood pressure is the most important, because it is the most common 
In other types of low blood pressure the therapeutic value of large 
amounts of fluid is well recognized Consequently, the effect of fluid 
has been studied first 


The methods employed have been discussed in some detail in the 
previous papers and need not be presented here The amount of spino- 
caine (a proprietary procaine preparation) used varied from 0 5 to 
2 cc , depending on the size of the dogs All of the animals received 
barbital from one to two hours before the spinal puncture The blood 
pressure was recorded from the carotid artery 


In table 1 are presented the observations on a series of dogs that 
received no fluid The smallest percentage drop in blood pressure was 
28, the greatest, 70, and the average, 41 Animals that had received 
small amounts, i e , from 2 to 7 cc per kilogram of body weight of 
physiologic solution of sodium chloride intravenously showed similar 
changes (table 2) In this group the smallest drop m mean arterial 
pressuie was 27 pei cent, the greatest, 70 per cent, and the average 42 
per cent One may therefore conclude that such small ^ 

infusions are of no value m preventing the diminution m blood pressure 
However, when larger amounts of saline solution were 
beneficial effect was noted (table 3) In this group of anitMls^th t 


* Submitted for publication, July 3, 1930 

*From the Departments of Gjnecologi- and Aledicine r 
Lnnersit} Vanderbilt 

1 Burch, J C, and Harrison, T R The Effect of Spinal 
Arterial tone, Arch Surg, this issue, p 10-10, Burch, J C Ij Anesthesia on 
Bhlock, A Comparison oi the Effects of Hemorrhage under^Ft°”’ ^ 
and under Spinal Anesthesia, ibid 21 693 (Oct ) 1930 n ■^^’^^thesia 
Harrison, T R Effect oi Spinal Anesthesia on Cardiac' o ^ 

( \ng ) 1930 ibid 21 330 
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received from 13 to 20 cc of physiologic solution of sodium chloride 
per kilogram of body weight, the smallest decrease in blood pressure 
was 8 per cent, the greatest 27 per cent and the aveiage 19 per cent 


Tablf 1 — Conti ol Experiment The Effect of Spmocaine on the Blood Piesswe 

of Dogs Receiving no Fluid 


Experiment 

Amount 
of Fluid 
Administered, 
Cubic 

Centimeters 

Mean Arterial Mean Arterial 
Pressure Before Pressure After 
Spmocaine Spmocaine, 

Millimeters Millimeters 

Change 
in Mean 
Arterial 
Pressure, 

Number 

per Kilogram 

of Mercurj 

of Mercury 

per Cent 

3 

0 

84 

60 

—29 

5 

0 

138 

90 

—31 

7 

0 

108 

66 

—39 

8 

0 

120 

70 

—42 

10 

0 

100 

66 

—34 

11 

0 

104 

462 

—58 

12 

0 

116 

84 

—28 

13 

0 

114 

34 

—70 


Average arterial pressure before spmocaine, lio mm of mercury, after spmocaine, C5 mm , 
average diminution in arterial pressure after spmocaine, 41 per cent 


Table 2 — The Effect of Spmocaine on the Blood Pressuie of Dogs Receiving 
Small Amounts of Solution of Sodium Chloiide Inti avcnously 



Amount 
of Fluid 

Mean Arterial 

Mean Arterial 

Change 


Administered, 

Pressure Before Pressure After 

in Mean 


Cubic 

Spinocaine, 

Spinocaine, 

Arterial 

Experiment 

Centimeters 

Millimeters 

Millimeters 

Pressure 

Number 

per Kilogram 

of Mercury 

of Mercury 

per Cent 

33 

2 

108 

32 

—70 

36 

4 

ISS 

114 

—28 

45 

6 

95 

70 

—27 

32 

6 

102 

50 

— 51 

34 

7 

90 

60 

—33 


Average arterial pressure before spmocaine, 110 mm of mercury , after spmocaine, 65 mm , 
average diminution m arterial pressure after splnocame, 42 per cent 


Table 3 — The Effect of Spmocaine on the Blood Piessiiie of Dogs Receiving 
Large Amounts of Solution of Sodium Chlondc Intravenously 



Amount 
of Fluid 

Mean Arterial 

Mean Arterial 

Change 


Administered 

Pressure Before Pressure After 

in Mean 


Cubic 

Spinocaine, 

Spinocaine 

Arterial 

Experiment 

Centimeters 

Jlillimeters 

Millimeters 

Pressure 

Number 

per Kilogram 

of Mercury 

of Mercury 

per Cent 

46 

13 

106 

98 

— 8 

31 

14 

116 

88 

—24 

44 

14 

98 

82 

—10 

34 

16 

98 

72 

—20 

29 

« 20 

140 

102 

—27 


■iiTerage arterial pressure before spmocaine 112 mm of mercury, after spmocaine, 90 mm 
average diminution m arterial pressure after spmocaine 19 per cent 


The experiments seem to show clearly that the administration of salt 
solution, intravenously, immediately prior to the induction of spinal 
anesthesia, may be of value in preienting the drop m blood pressure, 
provided sufficient salt solution is gnen One liter should constitute 
an adequate amount for an adult patient of average size 
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(Concluded from p S74) 

MISCELLANEOUS 

Injitiy of the Soiatu^ Magnus Muscle — Fitchet*^ reported fiAe 
cases of injurj of the serratus magiius muscle A ringed scapula and 
an abilitA to imaginate the OAerl}ing skin into the subscapular space, 
together Mith persistent pain a drooping shoulder and an inabilit} to 
ele\ate the arm aboAe the right angle, Mere the signs on mIucIi the 
diagnosis had to be made The prognosis m as good a\ itli earh treatment 

Gauchei s Disease — The roentgenologic changes m the bones m 
Gaucher s disease w ere described b> Kirkhn and Hefke In the patient 
Mhom they had studied, changes Mere found m the long bones onh 
There Mas a generalized osteoporosis Mith thinned cortex similar to 
senile atropln of the bone There m ere also localized areas of destruction 
in the shaits of the long bones The authors discussed the disturbance 
in hpoid metabolism Mith the liberation of kerasin mIhcIi Mas taken up 
In cells of the reticulo-endothelial s\stem The atropln and localized 
aieas of destruction Mere due to the inAasion of the bone marroM In 
these cells A leiieu of the literature Mas appended 

45 Fitchet S AI New Eiiahnd T Aled 203 SIS 1930 

•^6 Kirkhn B R And Hefke H W Am T Rocntcenol 24 25“? lOAd 
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Lesions of the Bone in Tmdive Hei edosyplnlts — Pendeigrass, Gil- 
man and Castleton recorded a case of hereditaiy syphilis in which 
lesions of the bones became manifest during the third decade of life 
No diagnosis had been made before this and no treatment had been given 
In this case practically every known type of syphilitic lesion of the 
bone was present There were increased density of the skull, osteo- 
myelitis of the jaw, cystic degeneiation of the uppei end of the humerus, 
atrophic and hyperti opine changes at the elbow, gummas, destruction of 
cartilage at the hips and knees, coxa vara and effusion into the joints 
of both knees Improvement followed antisyphihtic treatment 

Ganglion — McEvedy ■** advocated the treatment of ganglions by 
injection Aftei aspirating the contents oi expressing them through the 
needle, from 05to2cc ofa5 per cent solution of sodium morrhuate 
was injected into the ganglion There was mild pain for a day or two 
In two weeks the ganglion should have disappeared McEvedy reported 
ten cases, eight of which were cured , the two failures being due, in Ins 
opinion, to too small a dose 

BONE, JOINT AND TENDON SUKGERY 

Pam in the Lowei Pat t of the Back — Campbell stated that he had 
performed lumbosacral or sacro-iliac arthrodesis m 63 patients with the 
following conditions infection, 35, trauma, 11, congenital anomalies, 

3 , benign tumors, 1, and tuberculosis, 13 For the lumbosacral fusion he 
utilized a curved graft removed from the posterior iliac crest, and for 
fusion of the sacio-iliac joint he empIo)^ed an extra-articular operation 
performed by fusing adjacent portions of the sacrum and ilium and 
packing bone chips between them 

Technic of the Bony Shelf Operation m Congenital Dislocation of 
the Hip — Soutter suggested a method of creating a bony shelf over 
the head of the femur in patients with an old irreducible congenital 
dislocation of the hip and also in those with an extremely shallow 
acetabulum The capsule of the joint, a portion of the ilium and the 
trochanter were exposed by an incision running from the anterosuperior 
portion of the spine to 2 cm below the top of the trochanter and then 
backward and upward A broad long slot was made through the outer 
and inner tables of the ilium just above the head of the femur, and a 
thick graft removed from the trochanter and upper portion of the shaft 
of the femur was placed horizontally in the slot A square piece of 

47 Pendergrass, E P , Gilman, R L, and Castleton, K B Am J Roent- 
genol 24 234, 1930 

48 McE\edv, P Lancet 2 902 (Oct 25) 1930 

49 Campbell, W C Surg Gynec Obst 51 381 1930 

50 Soutter, R Surg Ginec Obst 51 249, 1930 
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"bone cut from the outer table of the ilium above the acetabulum was 
lowered and brought into contact with the femoral graft, the lower edge 
being held with catgut stitches 

This procedure had been used successful!}- in 9 cases b} Souttei 
during the last three yeais in patients ranging from 6 to 18 years of age 
[Ed Note— The technic is neat and constructs a prop to prevent 
upward tilting of the bony shelf ] 

Extia-Ai ftculm A) tin odesis of the H'lp — Mathieu had performed 
extra-articulai arthrodesis of the hip in 21 cases by the following 
technic The patients were placed on an orthopedic table with the leg 
abducted The Smith-Petersen incision was used The greater trochanter 
was sectioned A flap of the ilium was turned down so as to reach the 
cut edge of the trochantei The freed trochanter was then slid on to 
the wing of the ilium and fixed with screws or nails A plaster was 
applied for three months The indications for the operation were 
(1) painful forms of chionic arthritis, (2) unstable hips (3) hips 
incompletely ankylosed with progress toward deformity 

Opel alive Ti eatmcnt of Lesions of the Lozuet ExU cimty m Diabetes, 
Melhtus — McKittrick and Pratt reviewed 281 operations on the 
lower extremity in patients with diabetes melhtus They found it help- 
ful to divide the lesions into those due to arterial insufficiency and those 
due primarily to infection Staphylococcus albiis was the organism most 
frequently encountered in infections of the feet Gas bacillus infection 
was present in a single case In the cases of circulatory insufficiency 
not requiring amputation, the passive exercises of Buerger were found 
helpful in stimulating circulation Spinal anesthesia was the preferred 
foim The authors discussed the indications and methods of drainage 
or amputation The mortality in these cases n as 16 6 per cent 

Siageiy of the Knee Joint — Henderson’s article was based on a 
review of 256 cases of injuiy to the semilunar cartilages in which oper- 
ation was performed at the Mayo Clinic There were 234 cases of injurj 
to the internal semilunar cartilage and 22 of derangement of the external 
semilunar cartilage End-results were obtained m 238 of the 256 
patients, 77 per cent were relieved from all trouble, 14 per cent were 
improved and 9 per cent wxre not benefited The results from removal 
of the internal semilunar cartilage were slightly better than those fol- 
low mg excision of the external cartilage In the senes there were 42 cases 
in which the pathologic process demonstrated at the time of operation w'as 
not sufficient to account for the patient’s svmptoms, of 35 patients 

SI Mathieu P Pre^se lued 38 165, 1930 

a2 McKutnek L S, and Pratt T C Operatue Treatment of Lesions of 
the Lower Extremities m Diabetes Melhtus \rch Surg 21 555 (Oct ) 1930 
=^3 Henderson kf S Surg G\nec Obst 51 720 1930 
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in this senes, 13 weie cured, 8 were improved and 14 were ulnmpro^ed 
by the removal of one oi the other cartilage The diagnosis, operative 
technic and postoperative caie weie thoroughly discussed 

FRACTURES 

Nonnmov in Fi actw cs — Albee stated that the chief causes of 
nonunion in fractmes weie (1) failure of gianulation tissue to bridge 
the gap, (2) a scar formed by gianulation tissue before the osseus 
tissue had been established, (3) too early moblization, (4) rough 
manipulation of soft callus, (5) interference with circulation at the 
site of fracture, (6) infection, (7) steel plates, (8) absorption of solid 
callus befoie the lestoration of trabecular ahnement He pointed out 
that fractures in elderly persons united almost as readily as those in 
}Ounger adults, but that intra-utenne fractuies weie the most difficult 
to treat 

The methods of nonoperative tieatment weie discussed, such as 
diet, artificial light and various means of stimulating the fractuie site 
locally, none of which had been wholly successful Albee believed that 
there was only one successful way of treating nonunion of fractures, 
and that was by open operation and the massive bone graft Motor 
driven instruments were considered essential, and absolute fixation of 
the part for a minimum of eight weeks was necessary The graft vas 
usually taken from the sound tibia although the sliding graft sometimes 
sufficed Various types of graft and the method of fixation of the graft 
were discussed A review of cases was appended 

Dorrance said that osteoperiosteal grafts were indicated in selected 
cases of nonunion He based his conclusion on observations, both 
clinical and experimental The ideal conditions for successful results 
were The osteoperiosteal graft should contain a good supply of bone 
with the peiiosteum Periosteum that was stripped from the bone would 
not produce bone One must be just as careful to fasten the graft to 
the bones as in the case of full thickness grafts The same care must be 
used in preparing the bed for reception of the graft as in full thickness 
grafts It required a longer time for the osteoperiosteal graft to become 
solid than for a full thickness graft In all bone grafts one should 
secure as complete immobilization as possible dining the fiist two months 
The thickness and strength of the graft depended on the amount of 
weight-bearing that was to be required 

Fiacfiaes of the Cciincal Veitebiac — Le Fevre and Jackson pre- 
sented their method of fixation and support of the head m fractures 

54 Albee, F H Surg Gynec Obst 51 289, 1930 

55 Dorrance, G H Ann Surg 92 161, 1930 

56 Le Fe\re, L, and Jackson, S Fixation and Support of the Head in 
Fracture of the Cer\ical Vertebrae, J A M A 95 1669 (Xov 29) 1930 
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of the cervical vertebrae The appaiatus consisted of two hinged ovals 
of irons joined together with turnbuckles The ovals were fitted, one 
to the curve of the body around the neck under the chin, and the other 
around the base of the neck and over the shoulders The turnbuckles 
allowed foi adjustments or traction 

Fiactwes of the Acetabulum — Cubbins, Conley and Callahan 
classified fractures of the acetabulum as follows (1) fracture of the 
nm, (2) fractures involving one or two of the bones making up the 
acetabulum, (3) perforating fractures, and (4) extensive fractures 
involving all the bones making up the acetabular cup 

Treatment was based on the type of deformity Longitudinal traction 
alone might suffice If the head was centrally dislocated, a combination 
of lateral and longitudinal traction should be tried A screw placed in the 
trochanter and into the neck was advocated as a means of gaming 
effective lateral traction If the femoral head was centrally dislocated 
and locked, open operation offered the only hope for restoration of the 
normal joint 

Sepal aUon of the Lei>ser Femoiol Trochanter — Lapidus reported 
2 cases of separation of the lesser femoral trochanter, one with bony 
separation as shown by loentgenograms and the other with probably a 
partial rupture of the tendinous fibers of the iliopsoas muscle These 
cases were rare, occurring mostly m boys beLveen the ages of 13 and 
17 as a result of sudden overexertion of the iliopsoas muscle, usually 
during running The symptoms were pain’ and tenderness over the 
lessei trochanter and weakness or complete loss of flexion of the thigh 
Treatment consisted of rest in bed with relaxation of the iliopsoas 
muscle by means of a plaster spica applied with the hip m flexion, 
external rotation and adduction Complete recovery could usually be 
expected 

Fiactwes of the Femoial Neck — Reggio reporting study of 
patients with fiactures of the neck of the femur treated at the Massa- 
chusetts General Hospital, said that he m no way attempted to voice 
an opinion m regard to the advantages of any form of treatment He 
merely observed the end-results in consecutive cases in which closed 
methods had been used No case had been omitted, thus all selection 
had been avoided Fort) -nine patients were treated by the Whitman 
method, 13 died, 18 showed good results, 5 fair results, 7 poor results, 
and in 6 the outcome was unknown Twenty-one patients were treated 
b) other methods 5 died, 4 had good results, 2 fair results, 5 poor 

57 Cubbins, W R , Con!e^, 4 H, and Callahan, J J Surg G\nec Obst 
51 3S7, 1930 

58 Lapidus, P \V J Bone Sl Joint Surg 12 548, 1930 

59 Reggio \ W J Bone & Joint Surg 12 819, 1930 
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results, and in 5 the lesults were unknown Theiefoie, “good” lesults 
were obtained in 60 per cent of the cases tieated by the Whitman 
method, as against 36 4 pei cent treated by othei methods 

Santos made a caieful study of the changes in the femoial heads in 
15 cases after complete intrascapular fracture of the neck of the femui 
He found that the life of the proximal fragment depended on the cn- 
culation through the ligamentum teres The vessels in the hgamentum 
teres were more abundant in young persons, but were adequate in many 
elderly persons Bony union occuired in most cases in which the head 
remained alive, and there was adequate reduction and fixation Even 
m the presence of necrosis of the proximal fragment, union might take 
place with efficient reduction or impaction followed by immobilization 
Weight-beaiing should be avoided until lepair of the head is completed 
The replacement of the dead bone took place by invasion of newly 
formed tissue from the lound ligament and by vascularization through 
adhesions formed between the capsule and the eioded suiface of the 
fracture It was usually possible to determine from i oentgenograms in 
from SIX to ten weeks whethei the head was dead oi alive Where the 
head was alive it would show the same amount of atrophy dm ing immo- 
bilization as the distal fragment In case of necrosis of the head it would 
show greater density than the distal fragment, since it could not show 
bony atrophy if its blood supply were destioyed When theie is non- 
union and necrosis of the femoral head, a reconstiuction operation should 
be performed Where there is nonunion and the head of the femui 
remains alive, the fixation of the fractuie %vith a bone peg is indicated if 
the general condition of the patient is good 

[Ed Note — These observations made in Phemistei’s Clinic are 
worthy of serious consideration and offei a rational basis foi the selec- 
tion of proper methods of treatment m patients with delayed union ot 
the femoral neck ] 

Fi actw es of the Femo) al Shaft — Eve stated that open i eduction 
should be performed m fractures of the shaft of the femur only wffien 
conservative treatment failed One-fourth contact of the ends of the 
fracture was sufficient, and many good functional results were obsei ved 
■when overriding was present For the upper thud of the femui the 
author preferred suspension and traction since most of the fractures 
m this region w’^ere oblique He found that 70 pei cent of the fractures 
in the middle third of the femur were transverse Here he used a 
plaster spica cast in selected cases The cast was shoitened to the knee 
in three or four weeks In the other fractuies of the middle third of 

60 Santos, J V Changes in Head of Femur After Complete Intrascapular 
Fracture of Neck, Arch Surg 21 470 (Sept ) 1930 

61 Eve, D South M J 23 813, 1930 
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the femur he used traction with the posteiior surface of the thigh well 
padded to prevent backward bowing at the site of fracture In the 
lower third of the femui he found the backward displacement of the 
lower fragment the most difficult featme Heie he advised the use of 
skeletal traction with a pin through the femoral condyles and with the 
knee flexed almost to a right angle 

Fiactwes of the Patella — Leavitt®- suggested the use of free strips 
of fascia about to 2 inches (3 8 to 5 cm ) wide for fixation of the 
patellar fragments, these being attached to the quadriceps tendon for a 
distance of inches above the patella and also to the patellar tendon 
for the same distance below it The edges were sutured to the tendon and 
the periosteum with interrupted fine plain catgut The use of these wide 
and long strips of fascia gave a large area of adhesion and a consequent 
increase in strength 

This method was first used m 1926 m three patients who had been 
operated on before, and in whom the patella was again fractured There 
had been no recurrences in these cases, and the patients operated on 
subsequent to 1926 had had no complications or setbacks 

Trachon Apparatus foi Naval Vessels — Shaar had made an 
addition to the usual overhead traction and suspension frame whereby 
jar and pendulum motion of tiie weights was prevented in hospital ships 
This addition consisted of a steel tube through which the cords passed 
to the weights The tube could be attached at any angle and at any 
height Swaying of the weights was prevented 

DISLOCATIONS 

Habitual Dislocation of the Shoiildei — Henderson reported forty 
operations on 37 patients with habitual dislocation of the shoulder 
Anterior capsulorrhaphy performed on 16 patients for anterior recur- 
ring dislocation resulted in cure in 37 5 per cent, all of these operations 
being done more than ten years before Three patients who underwent 
posterior capsulorrhaphy foi posterior dislocation remained well Of 
8 patients who underwent Claremont operations more than five }ears 
before, 50 per cent weie cuied Tenosuspension performed on 10 
patients had resulted in cuie in 100 per cent of the cases in 2 cases last- 
ing for more than five jears after operation in 2 for more than three 
years m 1 for more than tvo jeais m 2 loi more than one }ear, m 2 for 
more than eight months and in 1 for moie than six months The suc- 
cess of the operation ot tenosu‘=;pcn‘:ion depended on the careful placing 

62 Leavitt P H Xeu Enuhnd J Alcd 203 728 1930 

63 Shaar CM US Xa^ M Bull 28 718 1930 

64 Henderson M S Habitual DiMocatmn o. the Shoulder T A. M A 

95 1653 (Xo\ 29) 1930 
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of the stiong piece of the tendon of the peroneus longus muscle to act 
as a suspension ligament thiough drill holes in the aciomion process 
and the head of the humeius Small incisions were required, and this 
Avas an important consideiation in AA'omen The operation did not require 
opening of the capsule of the joint 

[Ed Note — Hendei son’s study has gone a long A\ay toward sohung 
the pioblem of habitual dislocation of the shouldei Suspension A\nth 
fascia IS less strong than that with tendon One of us has had i ecui i ences 
following the use of fascia alone ] 

Rcpmi of Bone — Phenustei stated that aseptic necrotic bone in 
continuity with living bone Avas giaduallj iiiA^aded and more or less 
completely leplaced by neAv bone through the piocess of creeping sub- 
stitution, unless it AA'^as too inaccessible and AA'as bioken doAvn by 
tiaumatism In Koehler’s Kienbock’s and Legg-Pei thes’ disease there 
Avas marked fibioblastic and fixed tissue phagocjdic reaction and, in rare 
cases, an infiltiative leaction A\diich resulted in absorption of necrotic 
bone Avithout bony replacement by cieeping substitution except m 
occasional instances Ncav bone foimed fiom suivning osteogenic 
elements replaced the absorptive tissues moie oi less completely in the 
couise of time Histologically the majority of these lesions appeared to 
have something more back of them than a simple bland embolus or injury 
cutting oft the ciiculation and pioducing aseptic necrosis 

From Avork based on the histologic study of a seiies of experimental 
fractures produced in labbits Ham made the folloAvmg summary 

“The adult bone cell is distinguished fiom the osteogenic cell AA'^hich 
IS found lining the bone in the periosteum, the Haveisiaif canals and 
the endosteum The osteogenic bone cells proliferate and differentiate 
into bone and caitilage The usual method of bone repaii is through the 
agency of these specific osteogenic cells and not by the metaplasia of 
fibroblasts ” 

Tw'O factois, the presence of a local deposit of calcium salt and a 
good blood supply, Avere of gieat importance in effecting the differen- 
tiation of the osteogenic cell into bone Cartilage resulted from the 
groAvth of osteogenic cells in the absence of these two factors 

Reaction of the Joints to Foieigu Bodies — Moulonguet and Mihail- 
esco studied the fate of fragments of bone introduced into the synovial 
cavities of rabbits by pulverizing bone and injecting the powder into 
the joints In fiA’^e days many of the fragments Avere included in the 
synoAial membiane In ten dnA^s all AA^eie surrounded by synovial cells 
and excluded fiom the joint Theie AA^ere many macrophages Changes 

65 Phemister D B J Bone &. Joint Surg 12 769, 1930 

66 Ham, A W J Bone 5L Toint Surg 12 827, 1930 

67 Moulonguet, P , and Mihailesco, G Presse med 38 453, 1930 
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could be seen in some of the bony fiagments It seemed appaient that 
the greater part of the fragments weie destined to be completely 
destroyed by osteoclasis oi osteolysis and to disappear without damage 
to the joint However, when the fragments were introduced by 
arthrotomy, there was a constructive reaction about some of the frag- 
ments, leading to the formation of osteophytes 

Structure and FuncUon of Aittcula^ Synovial Menih anes — Sigurd- 
son studied the sti ucture and function of articular synovial membranes, 
using the joints of the gumea-pig, rabbit, cat, dog, human fetus and 
adult His conclusions were 

1 The inner surface of articular capsules is not formed by a distinct mem- 
brane, but by connective tissue modified as the synovial surface is reached 

2 The superficial synovial cells are not uniform in size or shape, some being 
quite small and rouijd, while others are large with branching processes 

3 Synovial villi vary greatly in size and shape, and are composed of connec- 
tive tissue resembling the part of the capsule from which they arise 

4 An excellent demonstration of variation m cell outlines on the synovial sur- 
faces of articular capsules can be obtained by the use of silver-impregnation 
methods The intercellular substance is found to be abundant in contrast to that 
of the pleura and peritoneum, and the apparent cell outlines are much more 
irregular and do not resemble those of an endothelial or mesothelial layer 

5 The presence of “stomata” in articular capsules is not confirmed 

6 Carbon particles, when injected into knee joints of guinea-pigs, evoke an 
inflammatory exudate in the joint cavity most marked on the third day after 
injection Some of these carbon particles are taken up by the lymphatic vessels 
and are deposited in the inguinal and lumbar nodes, while others are removed 
from the joint cavity by the action of phagocytic cells, some of which gam the 
lymphatic vessels, while others remain in the subsynovial connective tissue for an 
indefinite period 

7 Iron, m the form of ferric ammonium sulphate, disappears from the joint 
cavities within thirty minutes after injection by way of the lymphatics 

8 Iodine, in the form of lipiodol, diffuses slowly through the joint capsule, a 
period of at least four days being required for its complete removal as judged by 
skiagrams 

9 Immobilization of the tibio-tarsal joints in rabbits over fifty-three daj s pro- 
duced no marked structural changes in the joint capsule, but the amount of 
synovial fluid was considerably less 

Synovial Flmd tn Infections and New opathic Aithiitis — Shands 
reported the changes in the synovial fluid in 123 cases of inflammation 
of the joints In 105 cases of chronic infectious arthritis bacteria were 
recovered from the synovial fluid in 38 1 per cent These bacteria v ere 
chiefly nonhemolytic streptococci The cell counts and the percentage of 
poljTnorphonuclear cells were higher in the joints m which positive 

68 Sigurdson, LA J Bone &. Joint Surg 12 603 1930 

69 Slnnds, A R South M J 23 818, 1930 
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cultures were obtained The a^elage count of cells was 8,109 pei cubic 
millimeter when cultuies ueie obtained and 5,144 per cubic mdhmetei 
when cultuies weie not obtained There weie 4 cases of acute, 
gonorrheal aithiitis in 3 of uhich the gonococcus was lecoveied The 
cell counts m these cases weie highei than in the gioup of infectious 
aithritis Theie were 4 cases of traumatic synoMtis in which the swell- 
ing of the joint appealed seveial days aftei injuiy Bacteria weie 
recovered m 2 of these cases In these the aveiage cell count w^as 8,200 
The synovial fluid was examined m ten neuropathic joints Oiganisms 
w^ere obtained in 4 cases in 3 cases Sb cptococcus zni idans w^as lecovered, 
and m the fourth case Staphylococcus amcus The aveiage cell count m 
these cases was 3,200 wnth 57 7 per cent poh inorphonuclears 
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